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SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a national phase application based on the PCT
International Patent Application No. PCT/JP2011/072433
filed on Sep. 29, 2011, the entire contents of which are incor-
porated herein by reference.

TECHNICAL FIELD

The present invention relates to a semiconductor device.

BACKGROUND ART

Among semiconductor devices including a semiconductor
element, a pair of heat radiating plates for radiating heat from
both surfaces of the semiconductor element, and an encapsu-
lating resin for covering all over the device, there has conven-
tionally been a semiconductor device that further includes a
solder layer for bonding the semiconductor element and the
heat radiating plates and a polyamide resin that is applied to
surfaces of the heat radiating plates and improves adhesion to
the encapsulating resin. The heat radiating plate is connected
to a terminal of the semiconductor element and also utilized
as an electrode (see Patent Document 1, for example).

PRIOR ART DOCUMENTS
Patent Documents

Patent Document 1: Japanese Patent Application Publica-
tion No. 2003-124406 (JP 2003-124406 A)

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

When the conventional semiconductor device includes a
plurality of the semiconductor elements, there is a case where
the encapsulating resin is peeled from the heat radiating
plates between the semiconductor elements due to contrac-
tion of the encapsulating resin. If the encapsulating resin is
peeled from the heat radiating plates, stress acts between the
semiconductor element and the heat radiating plate due to a
difference between a linear expansion coefficient of the semi-
conductor element and that of the heat radiating plate, and this
may cause a fatigue fracture.

If the fatigue fracture occurs between the semiconductor
element and the heat radiating plate, electrical connection
between the heat radiating plate that is used as the electrode
and the terminal of the semiconductor element is damaged,
and this may cause operational failure of or damage to the
semiconductor device.

In view of the above, a purpose is to provide a semicon-
ductor device that suppresses the fatigue fractures of a semi-
conductor elements and an electrode.

Means for Solving the Problem

A semiconductor device according to embodiments of the
present invention includes: a first metal plate; plural semicon-
ductor elements mounted on the first metal plate; a spacer
connected to surfaces opposite from mounted surfaces of the
plural semiconductor elements on the first metal plate; a
second metal plate that is connected to a surface opposite
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2

from a connected surface of the spacer to the semiconductor
elements; and an encapsulating resin for sealing the semicon-
ductor elements between the first metal plate and the second
metal plate, and stress generated by contraction of the encap-
sulating resin between the plural semiconductor elements is
relaxed to a greater extent than stress generated by the con-
traction of the encapsulating resin in a portion other than that
between the plural semiconductor elements.

Effect of the Invention

It is possible to provide a semiconductor device that can
suppress the fatigue fractures of a semiconductor element and
an electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is aview for showing a cross-sectional structure of
a semiconductor device in a comparative example.

FIG. 1B is a perspective view for showing the structure of
the semiconductor device in the comparative example in a
plan view.

FIG. 2A is a view for showing the cross-sectional structure
of the semiconductor device in the comparative example in
which peeling occurs.

FIG. 2B is a plan view for showing a state in which peeling
occurs to the semiconductor device in the comparative
example.

FIG. 3 is a view for showing a drive system that includes an
electric motor driven by a power supply circuit including a
semiconductor device in a first embodiment.

FIG. 4A is an exploded perspective view of the semicon-
ductor device in the first embodiment.

FIG. 4B is a perspective view for showing an internal
structure of the semiconductor device in the first embodi-
ment.

FIG. 4C is a perspective view for showing the semiconduc-
tor device in the first embodiment.

FIG. 5 is a cross-sectional view of the semiconductor
device in the first embodiment.

FIG. 6 is a view for showing an equivalent circuit of a
semiconductor device 100 in the first embodiment.

FIG. 7 is aview for showing a manufacturing process of the
semiconductor device 100 in the first embodiment.

FIG. 8 is a view for showing the manufacturing process of
the semiconductor device 100 in the first embodiment.

FIG. 9 is a view for showing the manufacturing process of
the semiconductor device 100 in the first embodiment.

FIG. 10 is a view for showing the manufacturing process of
the semiconductor device 100 in the first embodiment.

FIG. 11 is a view for showing the manufacturing process of
the semiconductor device 100 in the first embodiment.

FIG. 12A is a cross-sectional view of the semiconductor
device according to a second embodiment.

FIG. 12B is a perspective view for showing a spacer of the
semiconductor device in the second embodiment.

FIG. 13A is a cross-sectional view of the semiconductor
device according to a third embodiment.

FIG. 13B is an exploded perspective view of an electrode in
the third embodiment.

FIG. 14A is a cross-sectional view of the semiconductor
device according to a fourth embodiment.

FIG. 14B is an exploded perspective view of the electrode
in the fourth embodiment.

FIG. 14C shows the reversed electrode in the fourth
embodiment that is shown in FIG. 14B.
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FIG. 14D is a cross-sectional view for showing the semi-
conductor device according to a first modification of the
fourth embodiment.

FIG. 14E is a view for showing a reversed electrode 543 of
a semiconductor device 500A in the first modification of the
fourth embodiment that is shown in FIG. 14D.

FIG. 14F is a cross-sectional view for showing the semi-
conductor device according to a second modification of the
fourth embodiment.

FIG. 14G shows a reversed electrode 546 of a semiconduc-
tor device 500B in the second modification of the fourth
embodiment that is shown in FIG. 14F.

FIG. 15A is a cross-sectional view of the semiconductor
device according to a fifth embodiment.

FIG. 15B is a view for showing a peeling layer of the
semiconductor device in the fifth embodiment.

FIG. 16A is a cross-sectional view for showing the semi-
conductor device according to a sixth embodiment.

FIG. 16B is a perspective view for showing the spacer of
the semiconductor device in the sixth embodiment.

FIG. 17 is a view for showing a manufacturing process of
a semiconductor device 700 in the sixth embodiment.

FIG. 18 is a view for showing the manufacturing process of
the semiconductor device 700 in the sixth embodiment.

FIG. 19 is a view for showing the manufacturing process of
the semiconductor device 700 in the sixth embodiment.

FIG. 20 is a view for showing the manufacturing process of
the semiconductor device 700 in the sixth embodiment.

FIG. 21 is a view for showing the manufacturing process of
the semiconductor device 700 in the sixth embodiment.

FIG. 22 is a view for illustrating a tolerance of an external
dimension of a spacer 130 the semiconductor device 100 in
the first embodiment.

FIG. 23A is a cross-sectional view for showing the semi-
conductor device according to a seventh embodiment.

FIG. 23B is a perspective view for showing the spacer of
the semiconductor device in the seventh embodiment.

FIG. 24A is a cross-sectional view for showing the semi-
conductor device according to an eighth embodiment.

FIG. 24B is a perspective view for showing the spacer of
the semiconductor device in the eighth embodiment.

MODES FOR CARRYING OUT THE INVENTION

A description will hereinafter be made on embodiments to
which a semiconductor device according to the present inven-
tion is applied.

Before the semiconductor device of the embodiments is
described, a semiconductor device in a comparative example
will be described with reference to FIG. 1 and FIG. 2.

FIG. 1A is a view for showing a cross-sectional structure of
the semiconductor device in the comparative example. FIG.
1B is a perspective view for showing the structure of the
semiconductor device in the comparative example in a plan
view.

FIG. 2A is a view for showing the cross-sectional structure
of the semiconductor device in the comparative example in
which peeling occurs, and FIG. 2B is a plan view for showing
a state in which peeling occurs to the semiconductor device in
the comparative example.

A semiconductor device 1 of the comparative example
includes an electrode 10, semiconductor elements 20A, 20B,
spacers 30A,30B, an electrode 40, and an encapsulating resin
50.

The electrode 10 is connected to terminals on lower sur-
faces of the semiconductor elements 20A, 20B and functions
as an electrode to drive the semiconductor elements 20A, 20B
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and as a heat radiating plate for radiating heat that is produced
by the semiconductor elements 20A, 20B.

Each of the semiconductor elements 20A, 20B has a ter-
minal on both an upper surface and the lower surface, the
terminal on the lower surface side is connected to the elec-
trode 10, and the terminal on the upper surface side is con-
nected to the electrode 40 through the spacers 30A, 30B. It
should be noted that the semiconductor elements 20A, 208
are in the same size in the plan view.

The spacer 30A is disposed between the semiconductor
element 20A and the electrode 40 and connects between the
terminal on the upper surface of the semiconductor element
20A and the electrode 40. The spacer 30B is disposed
between the semiconductor element 20B and the electrode 40
and connects between the terminal on the upper surface of the
semiconductor element 20B and the electrode 40. The spacers
30A, 30B are smaller than the semiconductor elements 20A,
20B in the plan view and are disposed to be positioned on the
inside of the semiconductor elements 20A, 20B.

The electrode 40 is connected to the terminals on the upper
surfaces of the semiconductor elements 20A, 20B respec-
tively through the spacers 30A, 30B and functions as an
electrode for driving the semiconductor elements 20A, 20B
and as a heat radiating plate for radiating the heat that is
produced by the semiconductor elements 20A, 20B.

The encapsulating resin 50 is a resin that seals the semi-
conductor elements 20A, 20B and the spacers 30A, 30B
between the electrode 10 and the electrode 40. The semicon-
ductor elements 20A, 20B and the spacers 30A, 30B are
sealed by the encapsulating resin 50 between the electrode 10
and the electrode 40, and the encapsulating resin 50 adheres
to the electrode 10 and the electrode 40.

In such a semiconductor device 1 in the comparative
example, the semiconductor elements 20A, 20B are respec-
tively an insulated gate bipolar transistor (IGBT) and a free
wheel diode (FWD) that are included in an inverter.

For example, a collector of the IGBT and the electrode 10
are connected, and an emitter thereof is connected to the
electrode 40 through the spacer 30A. In addition, for
example, a cathode of the FWD is connected to the electrode
10, and an anode thereof is connected to the electrode 40
through the spacer 30B. In other words, the collector of the
IGBT is connected to the cathode of the FWD through the
electrode 10, and the emitter of the IGBT is connected to the
anode of the FWD through the spacer 30A, the electrode 40,
and the spacer 30B.

Here, the encapsulating resin 50 is configured of a thermo-
setting resin, is heated to, for example, approximately 80° C.
to 200° C. to be cured, and is then cooled. At this time, the
encapsulating resin 50 is contracted by heat. In addition, cure
contraction that is associated with a progress in a chemical
crosslinking reaction occurs, and a volume of the encapsulat-
ing resin 50 is reduced by a small percent. Just as described,
the encapsulating resin 50 is contracted after thermal curing.

Meanwhile, because a distance between the electrode 10
and the electrode 40 is kept to be constant by the semicon-
ductor elements 20A, 20B and the spacers 30A, 30B, surfaces
of the encapsulating resin 50 bonded to the electrode 10 and
the electrode 40 are applied with stress that possibly causes
peeling.

When such stress is applied to the encapsulating resin 50,
the electrodes 10 and 40 are slightly deflected in regions on
the outside of the semiconductor element 20A and the semi-
conductor element 20B, and thus the stress is partially
relaxed.

However, in a region between the semiconductor element
20A and the semiconductor element 20B, because degrees of
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deflection of the electrodes 10 and 40 are smaller than those in
the regions on the outside of the semiconductor element 20A
and the semiconductor element 20B, the stress that is applied
to the encapsulating resin 50 is not relaxed.

Accordingly, within the region between the semiconductor
element 20A and the semiconductor element 20B, the surface
of'the encapsulating resin 50 that is bonded to the electrode 10
and whose width in a horizontal direction is small may be
peeled. As shown by an arrow A in FIG. 2A and FIG. 2B, the
peeling occurs between the semiconductor element 20A and
the semiconductor element 20B.

When the encapsulating resin 50 is peeled just as
described, the stress is applied to surfaces of the electrode 10
and the semiconductor elements 20A, 20B bonded to each
other and causes damage to electrical connections between
the electrode 10 and the semiconductor elements 20A, 208,
and consequently operational failure of and damage to the
semiconductor device 1 may occur.

In addition, even if the encapsulating resin 50 is not peeled
in a stage to undergo the thermal curing, the peeling of the
encapsulating resin 50 may progress by repetitive heating and
cooling thereof due to the heat produced by the semiconduc-
tor elements 20A, 20B in a stage that the semiconductor
device 1 is repeatedly used.

The peeling of the encapsulating resin 50 just as described
tends to be remarkable when a distance between the semicon-
ductor element 20A and the semiconductor element 20B is
reduced by upsizing of the semiconductor elements 20A, 208
or downsizing of the semiconductor device 1.

Therefore, first to ninth embodiments, which will be
described below, provide a semiconductor device in which
the above problem is solved.

<First Embodiment>

FIG. 3 is a view for showing a drive system that includes an
electric motor driven by a power supply circuit including a
semiconductor device according to a first embodiment.

A drive system 90 includes an electric motor 91, a power
supply circuit 92, a drive control unit 93, a hybrid vehicle
electronic control unit (HVECU) 94, and a resolver 95, and is
used for a hybrid vehicle, for example.

The electric motor 91 is a motor generator (MG) installed
in the vehicle and is also a three-phase synchronous rotary
electric machine that functions as a motor when electric
power is supplied from a battery 96 included in the power
supply circuit 92 and functions as a generator during driving
by an unillustrated engine or during braking of the vehicle.

As the electric motor 91, a mode for using the motor
generator with both functions as the motor and as’ the gen-
erator as a single unit is described herein; however, this is
merely illustrative, and a single unit of the rotary electric
machine that only has a function as the motor and another
single unit of the rotary electric machine that only has a
function as the generator may be used instead. Also, a plural-
ity of the motor generators may be used.

When the plurality of the motor generators are used, any
one of the electric motors 91 may be used as the generator for
charging the battery 96 while another one of the electric
motor 91 may be used as a drive motor for mainly generating
power.

The power supply circuit 92 includes the battery 96, a
smoothing capacitor 97A, a buck-boost converter 98, a
smoothing capacitor 97B, and an inverter 99.

The battery 96 is a chargeable/dischargeable secondary
battery. For example, a lithium ion battery pack or a nickel-
hydrogen battery pack that has a terminal voltage of about
200V to about 300V, a capacitor, or the like can be used as the
battery 96.
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The smoothing capacitor 97A is disposed between the
battery 96 and the buck-boost converter 98 and suppresses
voltage fluctuation on the battery 96 side in the power supply
circuit 92.

The buck-boost converter 98 includes a reactor and a plu-
rality of switching elements, increases a voltage on the bat-
tery 96 side in the power supply circuit 92 to output it to the
inverter 99 side, and lowers a voltage on the inverter 99 side
to output it to the battery 96 side.

For example, the buck-boost converter 98 uses an energy
storing function of the reactor to increase the voltage of about
200 V to about 300V on the battery 96 side to a high voltage
of about 600V, for example. In addition, when supplying the
electric power from the inverter 99 side to the battery 96 side
as charging power, the buck-boost converter 98 lowers the
voltage on the inverter 99 side and outputs it to the battery 96
side.

The smoothing capacitor 97B is disposed between the
buck-boost converter 98 and the inverter 99 and suppresses
voltage fluctuation on the inverter 99 side in the power supply
circuit 92.

The inverter 99 converts the direct-current electric power to
the three-phase alternating-current driving electric power to
supply it to the electric motor 91 and also converts the three-
phase alternating-current regenerative electric power that is
regenerated by the electric motor 91 to the direct-current
electric power to supply it to the battery 96.

The inverter 99 includes two switching elements that are
connected in series and, for each of the switching elements,
further includes arms for three phases in which diodes are
connected in parallel. An intermediate point of each of the
arms is connected to a three-phase winding 91, 91v, or 91w.
It should be noted that signals indicative of voltage values of
the input voltage and the output voltage of the inverter 99 are
input to the drive control unit 93.

The two switching elements and the two diodes that are
included in each of the arms of the inverter 99 are the semi-
conductor elements included in the semiconductor device of
the first embodiment. The switching elements are the IGBTs,
for example, and the diodes are the FWDs, for example. The
semiconductor device of the first embodiment as a power card
that supplies and regenerates the electric power is used for
each of the arms of the inverter 99.

The drive control unit 93 is a device that controls driving of
the inverter 99 in the power supply circuit 92 so as to control
driving of the electric motor 91.

The drive control unit 93 generates a voltage command in
a sine wave control mode, an overmodulation control mode,
or a rectangular wave control mode, for example, to control
the driving of the electric motor 91 through the inverter 99.
The drive control unit 93 is configured by an ECU, for
example.

The HVECU 94 is connected to a throttle position sensor
and outputs a torque command value that corresponds to a
degree of depression of a throttle by a driver of the vehicle.
The torque command value represents torque required for the
electric motor 91. The torque command value output by the
HVECU 94 is input to the drive control unit 93.

The resolver 95 is an example of a rotational speed detect-
ing unit that detects a rotational speed of a rotary shaft of the
electric motor 91. A signal indicative of the rotational speed
of the electric motor 91 that is detected by the resolver 95 is
input to the drive control unit 93.

FIG. 4A is an exploded perspective view of the semicon-
ductor device in the first embodiment. FIG. 4B is a perspec-
tive view for showing an internal structure of the semicon-
ductor device in the first embodiment. FIG. 4C is a
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perspective view for showing the semiconductor device in the
first embodiment. FIG. 5 is a cross-sectional view of the
semiconductor device in the first embodiment.

A semiconductor device 100 of the first embodiment
includes the electrode 10, the semiconductor elements 20A,
20B, a spacer 130, the electrode 40, and an encapsulating
resin 150. The components of the semiconductor device 100
in the first embodiment that are same or similar to the com-
ponents of the semiconductor device 1 in the comparative
example are denoted by the same reference numerals for the
description.

For ease of understanding, the encapsulating resin 150 is
notshown in FIG. 4A and FIG. 4B. A difference between F1G.
4B and FIG. 4C is whether the encapsulating resin 150 is
present or not. In other words, when the electrode 10, the
semiconductor elements 20A, 20B, the spacer 130, and the
electrode 40 that are shown in FIG. 4B are sealed by the
encapsulating resin 150, the semiconductor device 100
shown in FIG. 4C can be obtained. FIG. 5 shows a cross
section that is taken along a plane A shown by the broken line
in FIG. 4C and shows a cross section that can be obtained
when the semiconductor device 100 is cut in a thickness
direction along a center axis that is parallel to a longitudinal
direction thereof.

Here, a description will be made on a mode in which the
semiconductor element 20A is the IGBT and the semicon-
ductor element 20B is the FWD. The semiconductor device
100 that includes the semiconductor elements 20A, 20B is
included in the inverter 99 in FIG. 3.

The electrode 10 functions as an electrode for driving the
semiconductor elements 20A, 20B and also functions as a
heat radiating plate for radiating the heat produced by the
semiconductor elements 20A, 20B. The electrode 10 is con-
figured of copper or a copper alloy, for example. The elec-
trode 10 is an example of the first metal plate.

The semiconductor elements 20A, 20B are connected to an
upper surface of the electrode 10. A collector of the IGBT is
present on a lower surface of the semiconductor element 20A.
The collector of the semiconductor element 20A is connected
to the upper surface of the electrode 10 by soldering, for
example. In addition, a cathode of the FWD is present on a
lower surface of the semiconductor element 20B. The cathode
of the semiconductor element 20B is connected to the upper
surface of the electrode 10 by soldering, for example.

Furthermore, as shown in FIG. 4A a bus bar 11 is connected
to the electrode 10. The electrode 10 is connected to the
electric motor 91, the smoothing capacitor 97B, or the like
(see FIG. 3) through the bus bar 11.

Terminals 21A, 21B, 21C, 21D on an upper surface of the
semiconductor element 20A are respectively connected to
control terminals 62A, 62B, 62C, 62D by bonding wires 61A,
61B, 61C, 61D.

The control terminals 62A to 62D are fixed by an unillus-
trated lead frame, and as shown in FIG. 4C, the lead frame is
removed after sealing by the encapsulating resin 150. The
control terminals 62A to 62D are insulated from the electrode
10. At least one of the control terminals 62A to 62D is con-
nected to a gate of the IGBT. The control terminals 62A to
62D are used for input of a control signal for drive control of
the semiconductor element 20A and the like.

It should be noted that the bonding wires 61A to 61D are
configured of an aluminum alloy or high purity aluminum, for
example. The control terminals 62A to 62D are configured of
copper or the copper alloy, for example.

In addition to the terminals 21A to 21D, an emitter 21E of
the IGBT is present on the upper surface of the semiconductor
element 20A. The emitter 21E is connected to a first section

10

15

20

25

30

35

40

45

50

55

60

8

130A of the spacer 130. The emitter 21E and the first section
130A are connected by soldering, for example.

An anode 22A of the FWD is present on an upper surface
of the semiconductor element 20B. The anode 22A is con-
nected to a second section 130B of the spacer 130. The anode
22A and the second section 130B are connected by soldering,
for example.

The emitter 21E of the semiconductor element 20 A and the
anode 22A of the semiconductor element 20B are connected
to each other by the spacer 130 and are also connected to the
electrode 40 through the spacer 130.

As shownin FIG. 4A and FIG. 5, the spacer 130 has the first
section 130A, the second section 130B, and a connecting
section 130C. It should be noted that the spacer 130 is not
shown in FIG. 4B as being hidden by the electrode 40. In FIG.
5, the spacer 130 is covered by the encapsulating resin 150.

The connecting section 130C connects between the first
section 130A and the second section 130B. The connecting
section 130C is thinner than the first section 130A and the
second section 130B, and an upper surface of the connecting
section 130C constitutes the same surface as upper surfaces of
the first section 130A and the second section 130B. Accord-
ingly, the spacer 130 has a recessed section 130D on a bottom
surface side of the connecting section 130C between the first
section 130A and the second section 130B.

The first section 130A is disposed between the semicon-
ductor element 20A and the electrode 40 and connects the
emitter 21E on the upper surface of the semiconductor ele-
ment 20A to the electrode 40. The second section 130B is
disposed between the semiconductor element 20B and the
electrode 40 and connects the anode 22 A on the upper surface
of the semiconductor element 20B to the electrode 40. Like
the electrode 40, the spacer 130 is configured of copper or the
copper alloy, for example.

Itshould be noted that the first section 130A and the second
section 130B are respectively smaller than the semiconductor
elements 20A, 20B in a plan view.

The electrode 40 is connected to the emitter 21E on the
upper surface of the semiconductor element 20A and the
anode 22 A on the upper surface ofthe semiconductor element
20B through the spacer 130, and functions as an electrode for
driving the semiconductor elements 20A, 20B and as a heat
radiating plate for radiating the heat produced by the semi-
conductor elements 20A, 20B.

The electrode 40 is configured of copper or the copper
alloy, for example. A bus bar 41 is connected to the electrode
40. The electrode 40 is connected to the electric motor 91 or
the smoothing capacitor 97B through the bus bar 41. The
electrode 40 is an example of the second metal plate.

As shown in FIG. 4C and FIG. 5, the encapsulating resin
150 is a resin for sealing the semiconductor elements 20A,
20B and the spacer 130B between the electrode 10 and the
electrode 40. The encapsulating resin 150 also covers side
surfaces of the electrodes 10, 40. The encapsulating resin 150
is configured of a thermosetting resin. The encapsulating
resin 150 is configured of an epoxy resin, for example, in
which a glass fiber or the like may be mixed. The encapsu-
lating resin 150 is heated to approximately 80° C. to 200° C.
to be cured and is then cooled.

The semiconductor elements 20A, 20B and the spacer 130
are sealed by the encapsulating resin 150 between the elec-
trode 10 and the electrode 40, and the encapsulating resin 150
adheres to the electrode 10 and the electrode 40.

In FIG. 4C, an upper surface of the electrode 40 is exposed
from the encapsulating resin 150, and the bus bar 41 and the
control terminals 62A to 62D are extended therefrom for
convenience of the description; however, a lower surface of
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the electrode 10 is also exposed from the encapsulating resin
150, and the bus bar 11 is also extended therefrom.

FIG. 6 is a view for showing an equivalent circuit of the
semiconductor device 100 in the first embodiment. The col-
lector of the semiconductor element 20A that is configured by
the IGBT is connected to the cathode of the semiconductor
element 20B that is configured by the FWD through the
electrode 10 (see FIG. 5), and the emitter of the semiconduc-
tor element 20A that is configured by the IGBT is connected
to the anode of the semiconductor element 20B that is con-
figured by the FWD through the spacer 130 (see FIG. 5).

The gate of the semiconductor element 20A that is config-
ured by the IGBT is connected to the drive controlunit 93 (see
FIG. 3) through at least one pair of the bonding wires 61A to
61D and the control terminals 62A to 62D.

The semiconductor element 20A of the semiconductor
device 100 is turned on/off by a control signal that is input
from the drive control unit 93 to the gate. The electric current
flows into the semiconductor element 20B when the semicon-
ductor element 20A is turned off.

Next, a description will be made on a method of manufac-
turing the semiconductor device 100 in the first embodiment.

FIG. 7 to FIG. 11 show a manufacturing process of the
semiconductor device 100 in the first embodiment.

First, the electrode 10, solder foils 71A, 71B, the semicon-
ductor elements 20A, 20B, solder foils 72A, 72B, the spacer
130, solder foils 73A, 73B, and the control terminals 62A to
62D are aligned. A well-known jig can be used for alignment.
It should be noted that the bus bar 11 is connected to the
electrode 10.

The solder foils 71A, 71B, 72A, 72B, 73A, 73B are solder
sheets that are formed by rolling a material such as AnAg
solder containing tin and silver, SnCu solder containing tin
and copper, or the like, for example.

The solder foil 71A is disposed between the electrode 10
and the semiconductor element 20A. The solder foil 71B is
disposed between the electrode 10 and the semiconductor
element 20B. The solder foil 72A is disposed between the
semiconductor element 20A and the first section 130A of the
spacer 130. The solder foil 72B is disposed between the
semiconductor element 20B and the second section 130B of
the spacer 130.

The solder foil 73 A is disposed on the first section 130A of
the spacer 130. The solder foil 73B is disposed on the second
section 130B of the spacer 130.

It should be noted that surfaces of the electrodes 10, 40 and
the spacer 130 may be applied with nickel plating or the like.
In addition, portions of the surfaces of the electrodes 10, 40
and the spacer 130 that contact the solder foils 71A, 71B,
72A, 72B, 73A, 73B may be applied with gold plating to
improve wettability.

The solder foils 71A, 71B, 72A, 72B, 73A, 73B are melted
in the state of alignment as shown in FIG. 7 to connect the
electrode 10, the semiconductor elements 20A, 20B, and the
spacer 130.

Next, as shown in FIG. 8, the terminals 21 A to 21D of the
semiconductor element 20A and the control terminals 62A to
62D are respectively connected by the bonding wires 61A to
61D. It should be noted that the solder foils 73A, 73B are not
shown in FIG. 8 because the solder foils 73 A, 73B are melted,
in the process shown in FIG. 7 and adhered to an upper
surface of the spacer 130.

In addition, because the solder foils 71A, 71B, 72A, 72B
are respectively adhered between the electrode 10 and the
semiconductor elements 20A, 20B and between the semicon-
ductor elements 20A, 20B and the spacer 130, they are not
shown in FIG. 8.
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Next, as shown in FIG. 9, the electrode 40 is aligned, the
solder adhered to the upper surface of the spacer 130 (the
solder adhered by melting of the solder foils 73A, 73B) is
melted, and the electrode 40 is bonded to the upper surface of
the spacer 130. The bus bar 41 is connected to the electrode
40.

Accordingly, the electrode 10, the semiconductor elements
20A, 20B, the spacer 130, and the electrode 40 are bonded to
complete a state shown in FIG. 10. The electrode 10, the
semiconductor elements 20A, 20B, the spacer 130, and the
electrode 40 that are bonded as shown in FIG. 10 are impreg-
nated with a solution in which polyamide, polyimide, or the
like is dissolved in an organic solvent so as to coat the surfaces
thereof with a film of polyamide, polyimide, or the like before
being sealed' by the encapsulating resin 150. This is per-
formed to facilitate adherence of the encapsulating resin 150
to the surfaces of the electrode 10, the semiconductor ele-
ments 20A, 20B, the spacer 130, and the electrode 40.

In the last, the electrode 10, the semiconductor elements
20A, 20B, the spacer 130, the electrode 40, the bus bars 11,
41, and the control terminals 62A to 62D are sealed by the
encapsulating resin 150. Sealing by the encapsulating resin
150 is achieved by performing a thermal curing treatment of
the encapsulating resin 150.

In the thermal curing treatment, the semiconductor ele-
ments 20A, 20B, the spacer 130, the electrode 40, the bus bars
11, 41, and the control terminals 62A to 62D shown in F1IG. 10
are placed in a heated mold, the thermosetting resin is poured
into the mold while being heated, and the thermosetting resin
in the mold is applied with a supplementary pressure while
heated to accelerate a cured reaction of the thermosetting
resin.

The thermosetting resin is heated at a temperature of
approximately 80° C. to 200° C., for example, and is then
cooled to obtain the encapsulating resin 150 shown in FIG.
11. The encapsulating resin 150 seals the side surfaces of the
electrode 10, the semiconductor elements 20A, 20B, the
spacer 130, and the side surfaces of the electrode 40. In
addition, portions on the outer side of the lower surface of the
electrode 10, the upper surface of the electrode 40, the bus
bars 11, 41, and the control terminals 62A to 62D are exposed
from the encapsulating resin 150.

In the semiconductor device 100 of the first embodiment
described above, as shown in FIG. 5, a thickness D1 of the
encapsulating resin 150 in the region between the semicon-
ductor element 20A and the semiconductor element 20B is
smaller than a thickness of the encapsulating resin 50 in the
semiconductor device 1 (see FIG. 1) of the comparative
example due to the connecting section 130C of the spacer
130.

In other words, in the semiconductor device 100 of the first
embodiment, the thickness D1 of the encapsulating resin 150
between the semiconductor element 20A and the semicon-
ductor element 20B is smaller than a thickness of the encap-
sulating resin 150 in a location other than that between the
semiconductor element 20A and the semiconductor element
20B due to the connecting section 130C of the spacer 130 in
the region between the semiconductor element 20A and the
semiconductor element 20B.

Accordingly, a contraction amount of the encapsulating
resin 150 in the region between the semiconductor element
20A and the semiconductor element 20B is reduced, and thus
the stress applied to the encapsulating resin 150 is lowered. In
other words, the stress that is generated by the contraction of
the encapsulating resin 150 in the region between the semi-
conductor element 20A and the semiconductor element 20B
is relaxed to a greater extent than stress generated by the
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contraction of the encapsulating resin 150 in a location other
than that between the semiconductor element 20A and the
semiconductor element 20B.

Thus, it is possible in the region between the semiconduc-
tor element 20A and the semiconductor element 20B to sup-
press peeling of the encapsulating resin 150 from the elec-
trode 10. In addition, because the peeling of the encapsulating
resin 150 is suppressed, favorable connection states between
the electrode 10 and the semiconductor elements 20A, 20B
can be maintained.

As aresult, according to the first embodiment, it is possible
by suppressing the peeling of the encapsulating resin 150 to
provide the semiconductor device 100 in which fatigue frac-
tures between the semiconductor elements 20A, 20B and the
electrode 10 are suppressed.

Here, it should be noted that the region between the semi-
conductor element 20A and the semiconductor element 20B
means a region located between the semiconductor element
20A and the semiconductor element 20B in the plan view. In
addition, a location (region) other than that between the semi-
conductor element 20A and the semiconductor element 20B
means a location (region) other than that between the semi-
conductor element 20A and the semiconductor element 20B
in the plan view.

Furthermore, according to the first embodiment, it is pos-
sible to provide the semiconductor device 100 in which the
peeling of the encapsulating resin 150 can be suppressed not
only in a stage of the thermal curing of the encapsulating resin
150 but also in a stage of repetitive use of the semiconductor
device 100 where heating and cooling thereof is repeated by
the heat generation of the semiconductor element 20A and the
semiconductor element 20B.

Moreover, according to the semiconductor device 100 of
the first embodiment, the spacer 130 is larger than the spacers
30A, 30B of the semiconductor device 1 in the comparative
example by the connecting section 130C. Therefore, a ther-
mal capacity of the spacer 130 is increased, the heat produced
by the semiconductor elements 20A, 20B is transiently
absorbed, and thus cooling performance of the semiconduc-
tor elements 20A, 20B can be improved.

In particular, in a case where the semiconductor device 100
is installed in a hybrid vehicle, the inverter 99 is exposed to a
high temperature every time the electric motor 91 is driven or
regenerated. In such a circumstance, it is extremely beneficial
to use the semiconductor device 100 of the first embodiment
whose cooling performance has been improved.

In the semiconductor device 100 of the first embodiment,
because the spacer 130 has the connecting section 130C, a
connection path between the semiconductor element 20A and
the semiconductor element 20B is shorter than that in the
semiconductor device 1 of the comparative example.

Accordingly, a resistance value of a resistance component
and parasitic inductance between the semiconductor element
20A and the semiconductor element 20B are reduced, and
thus a heating value and a surge voltage that is generated
along with the switching operation are reduced.

In an area between the spacer 130 and the electrode 40, the
solder foils 73A, 73B (see FIG. 7) respectively connect
between the first section 130A and the electrode 40 and
between the second section 130B and the electrode 40. In
other words, because the connecting section 130C of the
spacer 130 and the electrode 40 are not connected by solder-
ing, the connecting section 130C can be defaulted in a direc-
tion toward the electrode 10.

Accordingly, even if the stress is generated by the contrac-
tion of the encapsulating resin 150 between the semiconduc-
tor element 20A and the semiconductor element 20B, the
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stress applied to the encapsulating resin 150 can be absorbed
due to the deflection of the connecting section 130C.

It should be noted that because the spacer 130 and the
electrode 40 are bonded by the solder foils 73A, 73B, the
connecting section 130C and the electrode 40 are adhered to
each other, and thus the encapsulating resin 150 does not enter
between the spacer 130 and the electrode 40.

A thickness of the connecting section 130C of the spacer
130 may be set according to a distance between the semicon-
ductor element, 20A and the semiconductor element 20B or a
type of the thermosetting resin that forms the encapsulating
resin 150 such that the peeling of the encapsulating resin 150
located between the connecting section 130C and the elec-
trode 10 does not occur.

A description has been made so far on the mode in which
the first section 130A of the spacer 130 and the second section
130B are respectively bonded to the electrode 40 by the solder
foils 73A, 73B; however, the entire upper surface of the
spacer 130 may be bonded to the electrode 40 by the solder
foil. In other words, the first section 130A of the spacer 130,
the second section 130B, and the upper surface of the con-
necting section 130C altogether may be bonded to the elec-
trode 40 by the solder foil.

Also in this case, the thickness of the encapsulating resin
150 between the connecting section 130C and the electrode
10 is smaller than that of the encapsulating resin 50 (see FIG.
1) in the region between the semiconductor element 20A and
the semiconductor element 20B of the semiconductor device
1 in the comparative example (see FIG. 1); therefore, it is
possible to suppress the peeling of the encapsulating resin
150 from the electrode 10 in the region between the semicon-
ductor element 20A and the semiconductor element 20B. In
addition, because the peeling of the encapsulating resin 150 is
suppressed, the favorable connection states between the elec-
trode 10 and the semiconductor elements 20A, 20B can be
maintained.

As aresult, according to the first embodiment, it is possible
to provide the semiconductor device 100 in which the fatigue
fractures between the semiconductor elements 20A, 20B and
the electrode 10 are suppressed by suppressing the peeling of
the encapsulating resin 150.

A description has been made so far on the mode in which
the semiconductor device 100 includes the two semiconduc-
tor elements 20A, 20B and in which the thickness of the
encapsulating resin 150 is reduced in the region between the
semiconductor element 20A and the semiconductor element
20B.

However, the semiconductor device 100 may include the
three or more semiconductor elements. In such a case, the
thickness of the encapsulating resin 150 may be reduced by
positioning the connecting section 130C of the spacer 130 in
a region between two each of the semiconductor elements.
Accordingly, it is possible to suppress the peeling of the
encapsulating resin 150 from the electrode 10 between the
semiconductor elements.

A description has been made so far on the mode in which
the electrode 10 as an example of the first metal plate and the
electrode 40 as an example of the second metal plate are
located on inside of the encapsulating resin 150 in an X-axis
direction and a Y-axis direction; however, the electrode 10
and/or the electrode 40 may be projected from the encapsu-
lating resin in the X-axis direction and/or the Y-axis direction.
In this case, a portion of the electrode 10 and/or the electrode
40 that is projected from the encapsulating resin 150 may be
used as a lead, for example.



US 9,165,848 B2

13

<Second Embodiment>

FIG. 12A is a cross-sectional view of the semiconductor
device according to a second embodiment, and FIG.12B is a
perspective view for showing the spacer of the semiconductor
device in the second embodiment. A semiconductor device
200 in the second embodiment differs from the semiconduc-
tor device 100 in the first embodiment in terms of a structure
of a spacer 230.

Because the other structure of the semiconductor device
200 in the second embodiment is the same as that of the
semiconductor device 100 in the first embodiment, the same
or similar components thereof are denoted by the same ref-
erence numerals, and the description thereof is not repeated.

The spacer 230 is the same as the spacer 130 of the first
embodiment except that a recessed section 230D is included,
and has same dimensions.

The cross section shown in FIG. 12A corresponds to the
cross section shown in FIG. 5, and represents a cross section
that can be obtained when the semiconductor device 200 is
cut in a thickness direction along a center axis that is parallel
to a longitudinal direction thereof.

The semiconductor device 200 of the second embodiment
includes the electrode 10, the semiconductor elements 20A,
20B, the spacer 230, the electrode 40, and the encapsulating
resin 150.

The spacer 230 has a first section 230A, a second section
230B, and a connecting section 230C. The first section 230A
and the second section 230B are the same as the first section
130A of the spacer 130 and the second section 130B of the
first embodiment.

The recessed section 230D is formed at the center on an
upper surface side of the connecting section 230C. The
recessed section 230D is located between the semiconductor
element 20A and the semiconductor element 20B in the plan
view.

The electrode 40 is bonded to anupper surface of the spacer
230 by the unillustrated solder foil. In the bonding between
the spacer 230 and the electrode 40, like the spacer 130 of the
first embodiment, only upper surfaces of the first section
230A and the second section 230B are bonded to the electrode
40 by the solder foils. As shown in FIG. 7, this is similar to the
first section 130A and the second section 130B in the first
embodiment that are bonded to the electrode 40 by the solder
foils 73A, 73B.

Accordingly, in a case where the stress is applied to the
encapsulating resin 150 between the connecting section 230C
and the electrode 10, the connecting section 230C is more
likely to be deflected than the connecting section 130C of the
spacer 130 in the first embodiment because it has become thin
due to the formation of the recessed section 230D.

Therefore, even when the stress is applied to the encapsu-
lating resin 150 between the semiconductor element 20A and
the semiconductor element 20B due to the contraction of the
encapsulating resin 150, the connecting section 230C is
deflected to relax the stress, and thus it is possible to suppress
the peeling of the encapsulating resin 50 from the electrode 10
between the semiconductor element 20A and the semicon-
ductor element 20B.

It should be noted that, because the recessed section 230D
defines a space surrounded by the spacer 230 and the elec-
trode 40 after the bonding ofthe spacer 230 to the electrode 40
by the solder foils, the encapsulating resin 150 does not enter.

As it has been described so far, according to the second
embodiment, the connecting section 230C can more likely to
be deflected than the connecting section 130C of the spacer
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130 in the first embodiment by providing the recessed section
230D on the upper surface side of the connecting section
230C of the spacer 230.

Therefore, the stress that is generated by the contraction of
the encapsulating resin 150 in the region between the semi-
conductor element 20A and the semiconductor element 20B
is relaxed to the greater extent than the stress that is generated
by the contraction of the encapsulating resin 150 in a location
other than that between the semiconductor element 20A and
the semiconductor element 20B.

As a result, it is possible to suppress the peeling of the
encapsulating resin 150 from the electrode 10 between the
semiconductor element 20A and the semiconductor element
20B.

<Third Embodiment>

FIG. 13A is a cross-sectional view of the semiconductor
device according to a third embodiment, and FIG. 13B is an
exploded perspective view of the electrode in the third
embodiment. It should be noted that an encapsulating resin
450 and the solder foil are not shown in FIG. 13B. In addition,
the control terminals 62A to 62D and the bus bars 11, 41 (see
FIG. 4A) are not shown in FIG. 13B.

In the semiconductor device 400 of the third embodiment,
structures of the spacers 330A, 330B and an electrode 440
differ from the structures of the spacer 130 and the electrode
40 in the semiconductor device 100 of the first embodiment.
In association with the above, a structure of the encapsulating
resin 450 differs from the structure of the encapsulating resin
150 in the semiconductor device 100 of the first embodiment.
Because the other structure is the same as the structure of the
semiconductor device 100 in the first embodiment, the same
or similar components are denoted by the same reference
numerals, and the description thereof is not repeated.

Here, an XYZ coordinate system shown in FIG. 13B will
be defined. An X-axis is parallel to longitudinal directions of
the semiconductor device 400, the electrode 10, and the elec-
trode 440, a Y-axis is parallel to short-side directions of the
semiconductor device 400, the electrode 10, and the electrode
440, and a Z-axis is parallel to thickness directions of the
semiconductor device 400, the electrode 10, and the electrode
440.

FIG. 13B is the perspective exploded view that corre-
sponds to FIG. 4A in the first embodiment. The cross-sec-
tional view shown in FIG. 13A is a view for showing a cross
section that can be obtained when the semiconductor device
400 of'the third embodiment is cut in a thickness direction by
a plane along a center axis in the longitudinal direction
(X-axis direction) thereof.

The semiconductor device 400 of the third embodiment
includes the electrode 10, the semiconductor elements 20A,
20B, the spacers 330A, 330B, the electrode 440, and the
encapsulating resin 450.

The spacers 330A, 330B correspond to the spacer 130 of
the first embodiment from which the connecting section 130C
is removed, and respectively correspond to the first section
130A and the second section 130B. In other words, the spac-
ers 330A, 330B of the semiconductor device 400 in the third
embodiment are separated from each other.

Like the first section 130A in the first embodiment, the
spacer 330A is bonded to the upper surface of the semicon-
ductor element 20A by the solder foil. Like the second section
130B in the first embodiment, the spacer 330B is bonded to
the upper surface of the semiconductor element 20B by the
solder foil. In addition, upper surfaces of the spacers 330A,
330B are bonded to the electrode 440 by the unillustrated
solder foils.
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The spacer 330A is an example of the first section, and the
spacer 330B is an example of the second section.

The electrode 440 has a recessed section 440A in a portion
located between the semiconductor element 20A and the
semiconductor element 20B in the plan view. The recessed
section 440A is formed from one end to the other end of the
electrode 440 in the short-side direction (Y-axis direction). A
thin section 440B of the electrode 440 is a portion that is
thinned by the recessed section 440A.

The encapsulating resin 450 is the same as the encapsulat-
ing resin 150 in the first embodiment except that it is formed
between the electrode 10 and the electrode 440 in a region
between the spacer 330A and the spacer 330B.

In the semiconductor device 400 of the third embodiment,
a thickness D4 of the encapsulating resin 450 in the region
between the semiconductor element 20A and the semicon-
ductor element 20B is the same as the thickness of the encap-
sulating resin 50 in the region between the semiconductor
element 20A and the semiconductor element 20B in the semi-
conductor device 1 of the comparative example.

However, the electrode 440 has the thin section 440B that
is located on the inside of the region between the semicon-
ductor element 20A and the semiconductor element 20B in
the plan view. A depth of the thin section 440B is half the
thickness of a portion other than the thin section 440B in the
electrode 440, for example. Accordingly, the electrode 440 is
likely to be deflected in the thin section 440B.

Thus, in a case where the stress is generated between the
electrode 10 and the encapsulating resin 450 or between the
electrode 440 and the encapsulating resin 450 in the region
between the semiconductor element 20A and the semicon-
ductor element 20B due to the contraction of the encapsulat-
ing resin 450, the thin section 440B of the electrode 440 is
deflected, and the stress applied to the encapsulating resin 450
is relaxed.

Therefore, even when the stress is applied to the encapsu-
lating resin 450 between the semiconductor element 20A and
the semiconductor element 20B due to the contraction of the
encapsulating resin 450, the thin section 440B is deflected to
relax the stress. In other words, the stress that is generated by
the contraction of the encapsulating resin 450 in the region
between the semiconductor element 20A and the semicon-
ductor element 20B is relaxed to the greater extent than the
stress that is generated by the contraction of the encapsulating
resin 450 in a region other than that between the semiconduc-
tor element 20A and the semiconductor element 20B.

As a result, it is possible to suppress the peeling of the
encapsulating resin 450 from the electrode 10 between the
semiconductor element 20A and the semiconductor element
20B.

As it has been described so far, according to the third
embodiment, it is possible to maintain a favorable connection
state between the electrode 10 and the semiconductor ele-
ments 20A and 20B.

As a result, according to the third embodiment, it is pos-
sible to provide the semiconductor device 400 in which the
fatigue fractures between the semiconductor elements 20A,
20B and the electrode 10 are suppressed.

It should be noted that a width and a depth of the recessed
section 440A as well as a width and a thickness of the thin
section 440B may be set according to a positional relationship
between the semiconductor element 20A and 20B or the like.

The description has been made so far on the mode in which
the recessed section 440 A is formed on the upper surface side
of'the electrode 440; however, the recessed section 440A may
be formed on a lower surface side of the electrode 440 (a side
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that contacts the encapsulating resin 450) or may be formed
on both of the upper surface and the lower surface of the
electrode 440.

In addition, the recessed section 440A may be filled with a
metal that has lower rigidity than a material that forms the
electrode 440 (copper or the copper alloy, for example). As
the metal having lower rigidity than the material that forms
the electrode 440, aluminum, tin, indium, or an alloy contain-
ing thereof may be used, for example. If the recessed section
440A is filled with such a metal, a heat radiation property of
the electrode 440 can further be improved.

It should be noted that the description has been made so far
on the mode in which the semiconductor device 400 includes
the two semiconductor elements 20A, 20B and the electrode
440 is provided with the thin section 440B in the region
between the semiconductor element 20A and the semicon-
ductor element 20B.

However, the semiconductor device 400 may include the
three or more semiconductor elements. In such a case, the
stress on the encapsulating resin 450 may be relaxed by
positioning the thin section 440B in a region between two
each of the semiconductor elements. Accordingly, it is pos-
sible to suppress the peeling of the encapsulating resin 450
from the electrode 10 between the semiconductor elements.

It should be noted that the recessed section 440A does not
have to be formed from the one end to the other end of the
electrode 440 in the short-side direction (Y-axis direction) in
FIG. 13B. The electrode 440 may be formed such that one end
orboth ends of the recessed section 440A do notreach the end
of the electrode 440.

<Fourth Embodiment>

FIG. 14A is a cross-sectional view of the semiconductor
device according to a fourth embodiment, and FIG. 14B is an
exploded perspective view of the electrode in the fourth
embodiment. FIG. 14C shows the reversed electrode in the
fourth embodiment that is shown in FIG. 14B.

It should be noted that an encapsulating resin 550 and the
solder foil are not shown in FIG. 14B and FIG. 14C. In
addition, the control terminals 62A to 62D and the bus bars
11, 41 (see F1G. 4A) are not shown in FIG. 14B and F1G. 14C.

In a semiconductor device 500 of the fourth embodiment, a
structure of an electrode 540 differs from the structure of the
electrode 440 in the semiconductor device 400 of the third
embodiment. Because the other structure is the same as the
structure of the semiconductor device 400 in the third
embodiment, the same or similar components are denoted by
the same reference numerals, and the description thereof is
not repeated.

The exploded perspective view in FIG. 14B is an exploded
perspective view that corresponds to FIG. 4A in the first
embodiment. The cross-sectional view shown in FIG. 14A is
a view for showing a cross section that can be obtained when
the semiconductor device 500 of the fourth embodiment is cut
in a thickness direction by a plane along a center axis in a
longitudinal direction (X-axis direction) thereof.

The semiconductor device 500 of the fourth embodiment
includes the electrode 10, the semiconductor elements 20A,
20B, the spacers 330A, 330B, the electrode 540, the encap-
sulating resin 550, and a stress relaxing section 560.

Here, the XYZ coordinate system will be defined as shown
in FIG. 14A to FIG. 14C. The X-axis is parallel to longitudi-
nal directions of the semiconductor device 500, the electrode
10, and the electrode 540, the Y-axis is parallel to short-side
directions of the semiconductor device 500, the electrode 10,
and the electrode 540, and the Z-axis is parallel to thickness
directions of the semiconductor device 500, the electrode 10,
and the electrode 540.
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As shown in FIG. 14A, the electrode 540 has an upper
surface 541 and a lower surface 542. Because FI1G. 14C shows
the electrode 540 shown in FIG. 14B in a reversed manner,
FIG. 14B shows the upper surface 541 of the electrode 540
while FIG. 14C shows the lower surface 542 of the electrode
540.

As shown in FIG. 14B and FIG. 14C, the electrode 540 of
the semiconductor device 500 in the fourth embodiment has a
recessed section 540A that is recessed from the lower surface
542. As shown in FIG. 14C, the recessed section 540A is
formed at the center of the lower surface 542 in the electrode
540.

The recessed section 540A is formed to be located between
the spacer 330A and the spacer 330B in the plan view in a
state that the electrode 540 is bonded to the spacers 330A,
330B. In other words, the recessed section 540A is located
between the semiconductor element 20A and the semicon-
ductor element 20B in the plan view in a state that the semi-
conductor device 500 is completed. It should be noted that a
depth of the recessed section 540A is half a depth of the
electrode 540, for example.

A portion that is thinned by the recessed section 540A is a
thin section 540B. A thickness of the thin section 540B equals
to athickness of the electrode 540 from which the depth of the
recessed section 540A is subtracted. Accordingly, if the depth
of the recessed section 540A is half the thickness of the
electrode 540, the thickness of the thin section 540B is half
the thickness of the electrode 540.

As shown in FIG. 14A, the stress relaxing section 560 is
disposed in the recessed section 540A of the electrode 540.

The stress relaxing section 560 can be formed of any mate-
rial as long as the material has sufficiently lower elasticity
than the electrode 40 or the spacers 330A, 330B, and can be
formed of a stress relaxation material such as a silicon resin,
a urethane resin, the polyamide resin, a polyimide resin, a
rubber-based resin, or the like, for example. For example, the
stress relaxing section 560 may be formed by turning the
recessed section 540A of the electrode 540 upward and by
applying or pouring the stress relaxation material into the
recessed section 540A. It should be noted that the stress
relaxing section 560 may be formed of a material having
lower elasticity than the encapsulating resin 550.

The stress relaxing section 560 is a member that is elasti-
cally deformed to relax the stress applied to the encapsulating
resin 550 when the stress is generated between the encapsu-
lating resin 550 and the stress relaxing section 560 due to the
contraction of the encapsulating resin 550.

The encapsulating resin 550 is the same as the encapsulat-
ing resin 450 of the third embodiment except that it is formed
between the electrode 10 and the stress relaxing section 560 in
the region between the spacer 330A and the spacer 330B.

Inthe semiconductor device 500 of the fourth embodiment,
a thickness D5 of the encapsulating resin 550 in the region
between the semiconductor element 20A and the semicon-
ductor element 20B is substantially the same as the thickness
of'the encapsulating resin 50 in the region between the semi-
conductor element 20A and the semiconductor element 20B
in the semiconductor device 1 of the comparative example.

However, the electrode 540 has the recessed section 540A
that is located on the inside of the region between the semi-
conductor element 20A and the semiconductor element 20B
in the plan view. The stress relaxing section 560 is formed in
the recessed section 540A that is formed in the lower surface
542 of the electrode 540. The stress relaxing section 560 is
elastically deformed to relax the stress applied to the encap-
sulating resin 550 when the stress is generated between the
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encapsulating resin 550 and the stress relaxing section 560
due to the contraction of the encapsulating resin 550.

In addition, the electrode 540 has the thin section 540B that
is located on the inside of the region between the semicon-
ductor element 20A and the semiconductor element 20B in
the plan view. A depth of the thin section 540B is half the
thickness of a portion other than the thin section 540B in the
electrode 540, for example. Accordingly, the electrode 540 is
likely to be deflected in the thin section 540B.

Therefore, when the stress is generated between the elec-
trode 10 and the encapsulating resin 550 or between relaxing
section 560 and the encapsulating resin 550 in the region
between the semiconductor element 20A and the semicon-
ductor element 20B due to the contraction of the encapsulat-
ing resin 550, the stress applied to the encapsulating resin 550
is relaxed.

In other words, the stress that is generated by the contrac-
tion of the encapsulating resin 550 in the region between the
semiconductor element 20A and the semiconductor element
20B is relaxed to the greater extent than the stress that is
generated by the contraction of the encapsulating resin. 550 in
a region other than that between the semiconductor element
20A and the semiconductor element 20B.

In addition, when the stress as described above is applied to
the encapsulating resin 550, the thin section 540B of the
electrode 540 is deflected to relax the stress.

Accordingly, even when the stress is applied to the encap-
sulating resin 550 between the semiconductor element 20A
and the semiconductor element 20B due to the contraction of
the encapsulating resin 550, the stress relaxing section 560
relaxes the stress applied to the encapsulating resin 550. Fur-
thermore, the stress is also relaxed by the deflection of the thin
section 540B.

Therefore, it is possible to suppress the peeling of the
encapsulating resin 550 from the electrode 10 between the
semiconductor element 20A and the semiconductor element
20B.

As it has been described so far, according to the fourth
embodiment, it is possible to maintain the favorable connec-
tion state between the electrode 10 and the semiconductor
elements 20A and 20B.

As a result, according to the fourth embodiment, it is pos-
sible to provide the semiconductor device 500 in which the
fatigue fractures between the semiconductor elements 20A,
20B and the electrode 10 are suppressed.

It should be noted that a width, the depth, and the elasticity
of the stress relaxing section 560 may be set according to a
relationship thereof with the stress that is possibly applied to
the encapsulating resin 550.

In addition, a width and the depth of the recessed section
540A or a width and the thickness of the thin section 540B
may be set according to a positional relationship thereof with
the semiconductor elements 20A and 20B.

The description has been made so far on the mode in which
the stress relaxing section 560 is disposed in the one recessed
section S40A that is formed at the center of the lower surface
542 in the electrode 540; however, the recessed section 540A
may be a plurality of groove-shaped recessed sections or may
be a plurality of holes that are arranged in a matrix.

It has been described on the mode in which the semicon-
ductor device 500 includes the two semiconductor elements
20A, 20B and in which the stress relaxing section 560 is
disposed between the encapsulating resin 550 and the elec-
trode 540 in the region between the semiconductor element
20A and the semiconductor element 20B.

However, the semiconductor device 500 may include the
three or more semiconductor elements. In such a case, the
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stress on the encapsulating resin 550 may be relaxed by
positioning the stress relaxing section 560 in a region between
two each of the semiconductor elements. Accordingly, it is
possible to suppress the peeling of the encapsulating resin
550 from the electrode 10 between the semiconductor ele-
ments.

FIG. 14D is a cross-sectional view for showing the semi-
conductor device according to a first modification of the
fourth embodiment. The semiconductor device in the first
modification of the fourth embodiment is obtained by modi-
fying the structures of the recessed section 540A and the
stress relaxing section 560 that are shown in FIG. 14A and
FIG. 14B.

Like FIG. 14A to FIG. 14C, the XYZ coordinate system is
defined in FIG. 14D and FIG. 14E.

FIG. 14E is a view for showing a reversed electrode 543 of
a semiconductor device 500A in the first modification of the
fourth embodiment that is shown in FIG. 14D.

The semiconductor device S00A in the first modification of
the fourth embodiment that is shown in FIG. 14D includes the
electrode 10, the semiconductor elements 20 A, 20B, the spac-
ers 330A, 330B, the electrode 543, the encapsulating resin
550, and a stress relaxing section 561.

While FIG. 14D shows the stress relaxing section 561,
FIG. 14E shows the electrode 543 before the stress relaxing
section 561 is formed.

In the semiconductor device 500A of the first modification
of the fourth embodiment, the electrode 540 and the stress
relaxing section 560 of the semiconductor device 500 in the
fourth embodiment are replaced by the electrode 543 and the
stress relaxing section 561.

The electrode 543 has an upper surface 544 and a lower
surface 545. The electrode 543 has recessed sections 543A
and a thin section 543B. The recessed sections 543A and the
thin section 543B are obtained by modifying the recessed
section 540A and the thin section 540B (see FIG. 14A and
FIG. 14B).

The recessed sections 543A are five groove-shaped
recessed sections that are formed at the center of the lower
surface 545 in the electrode 543. The thin section 543B is a
section in which the electrode 543 is partially and regularly
thinned by the five recessed sections 543 A.

As shown in FIG. 14D, the stress relaxing section 561 is
formed on the inside of each of the five groove-shaped
recessed sections 543 A. Like the stress relaxing section 560
in the fourth embodiment, the stress relaxing section 561 is
configured of the stress relaxation material.

Because a width of the recessed section 543 A is smaller
than that of the recessed section 543 A in the fourth embodi-
ment, the stress relaxation material can be injected into the
recessed section 543 A using a capillary phenomenon.

Accordingly, when the stress is generated between the
electrode 10 and the encapsulating resin 550 or between the
stress relaxing section 561 and the encapsulating resin 550 in
the region between the semiconductor element 20A and the
semiconductor element 20B due to the contraction of the
encapsulating resin 550, the stress relaxing section 561
relaxes the stress applied to the encapsulating resin 550.

In other words, the stress that is generated by the contrac-
tion of the encapsulating resin 550 in the region between the
semiconductor element 20A and the semiconductor element
20B is relaxed to the greater extent than the stress that is
generated by the contraction of the encapsulating resin 550 in
a region other than that between the semiconductor element
20A and the semiconductor element 20B.
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In addition, when the stress as described above is applied to
the encapsulating resin 550, the thin section 543B of the
electrode 543 is deflected to relax the stress.

Accordingly, even when the stress is applied to the encap-
sulating resin 550 between the semiconductor element 20A
and the semiconductor element 20B due to the contraction of
the encapsulating resin 550, the stress relaxing section 561
relaxes the stress applied to the encapsulating resin 550. Fur-
thermore, the stress is also relaxed by the deflection of the thin
section 543B.

Therefore, it is possible to suppress the peeling of the
encapsulating resin 550 from the electrode 10 between the
semiconductor element 20A and the semiconductor element
20B.

As it has been described so far, according to the first modi-
fication of the fourth embodiment, it is possible to maintain
the favorable connection state between the electrode 10 and
the semiconductor elements 20A and 20B.

As aresult, according to the first modification of the fourth
embodiment, it is possible to provide the semiconductor
device 500A in which the fatigue fractures between the semi-
conductor elements 20A, 20B and the electrode 10 are sup-
pressed.

It should be noted that the groove section 543A may be
formed by drilling, for example.

In addition, the recessed section 543 A may not be groove-
shaped but may be a cylindrical recessed hole whose opening
is circular or rectangular, for example. Such a recessed sec-
tion may be formed in the lower surface 545 of the electrode
543 in the matrix. The recessed sections arranged in the
matrix may be formed by drilling, for example. The stress
relaxation material can more easily be injected into the
recessed section that is recessed in a shape of a circular or
rectangular cylinder by using the capillary phenomenon than
into the groove-shaped recessed section 543A.

It should be noted that the description has been made so far
on the mode in which the semiconductor device S00A
includes the two semiconductor elements 20A, 20B and in
which the stress relaxing section 561 is disposed between the
encapsulating resin 550 and the electrode 540 in the region
between the semiconductor element 20A and the semicon-
ductor element 20B.

However, the semiconductor device 500A may include the
three or more semiconductor elements. In such a case, the
stress on the encapsulating resin 550 may be relaxed by
positioning the stress relaxing section 561 in a region between
two each of the semiconductor elements. Accordingly, it is
possible to suppress the peeling of the encapsulating resin
550 from the electrode 10 between the semiconductor ele-
ments.

FIG. 14F is a cross-sectional view for showing the semi-
conductor device according to a second modification of the
fourth embodiment. The semiconductor device in the second
modification of the fourth embodiment is obtained by modi-
fying the structures of the recessed section 540A and the
stress relaxing section 560 that are shown in FIG. 14A and
FIG. 14B.

It should be noted that the XYZ coordinate system is
defined in FIG. 14F and FI1G. 14G like FIG. 14A to FIG. 14C.

FIG. 14G shows a reversed electrode 546 of a semiconduc-
tor device 500B in the second modification of the fourth
embodiment that is shown in FIG. 14F.

The semiconductor device 500B in the second modifica-
tion of the fourth embodiment that is shown in FIG. 14F
includes the electrode 10, the semiconductor elements 20A,
20B, the spacers 330A, 330B, the electrode 546, the encap-
sulating resin 550, and a stress relaxing section 562.
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In the semiconductor device 500B in the second modifica-
tion of the fourth embodiment, the electrode 540 and the
stress relaxing section 560 of the semiconductor device 500 in
the fourth embodiment are replaced by the electrode 546 and
the stress relaxing section 562.

While FIG. 14F shows the stress relaxing section 562, FIG.
14G shows the electrode 546 before the stress relaxing sec-
tion 562 is formed.

The electrode 546 includes an upper surface 547 and a
lower surface 548. The electrode 546 has a projected section
549 at the center of the lower surface 548. The projected
section 549 is a section in which a section located between the
spacer 330A and the spacer 330B is projected downward in
the plan view. The projected section 549 has a length to be
fitted between the spacer 330A and the spacer 330B in the
X-axis direction, and has the same length as the spacers 330A,
330B in the Y-axis direction. In addition, a height of the
projected section 549 (length in a Z-axis direction) is set to be
a half of heights of the spacers 330A, 330B, for example.

The electrode 546 has recessed sections 546A that are
formed on a lower surface side of the projected section 549.
The recessed sections S46A are recessed sections that are
arranged in the matrix in the projected section 549 at the
center of the lower surface 548 of the electrode 546. While
FIG. 14F shows the five recessed sections 546A that are
arranged in the X-axis direction, the recessed sections 546A
is arranged in three rows in the Y-axis direction.

Although FIG. 14G shows a mode in which openings of the
recessed sections 546A are square shaped, each of the open-
ings of the recessed sections 546 A may be in a circular shape
or in another shape. In addition, although FIG. 14G shows a
mode in which the recessed sections 546 A are arranged in five
rows in the X-axis direction and in the three rows in the Y-axis
direction, this is merely an example, and the number of the
recessed sections 546A may be set arbitrary.

The stress relaxing section 562 is formed on the inside of
the plurality ofthe recessed sections 546 A that are arranged in
the matrix. Like the stress relaxing section 560 in the fourth
embodiment, the stress relaxing section 562 is configured of
the stress relaxation material.

Because the recessed section 546A is hollowed out in a
cylindrical shape, the stress relaxation material can be
injected into the recessed sections 546 A using the capillary
phenomenon.

Accordingly, when the stress is generated between the
electrode 10 and the encapsulating resin 550 or between the
stress relaxing section 562 and the encapsulating resin 550 in
the region between the semiconductor element 20A and the
semiconductor element 20B due to the contraction of the
encapsulating resin 550, the stress applied to the encapsulat-
ing resin 550 is relaxed.

In other words, the stress that, is generated by the contrac-
tion of the encapsulating resin 550 in the region between the
semiconductor element 20A and the semiconductor element
20B is relaxed to the greater extent than the stress that is
generated by the contraction of the encapsulating resin 550 in
a region other than that between the semiconductor element
20A and the semiconductor element 20B.

In addition, because the electrode 546 has the projected
section 549, a thickness D5A of the encapsulating resin 550
between the projected section 549 and the electrode 10 is
reduced by the projected section 549 when compared to a
distance between the electrode 10 and the electrode 546.

Accordingly, the stress generated between the encapsulat-
ing resin 550 and the electrode 10 can be relaxed. Further-
more, even when the stress is applied to the encapsulating
resin 550 between the semiconductor element 20A and the
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semiconductor element 20B due to the contraction of the
encapsulating resin 550, the stress relaxing section 562
relaxes the stress applied to the encapsulating resin 550.

Therefore, it is possible to suppress the peeling of the
encapsulating resin 550 from the electrode 10 between the
semiconductor element 20A and the semiconductor element
20B.

As it has been described so far, according to the second
modification of the fourth embodiment, it, is possible to
maintain the favorable connection state between the electrode
10 and the semiconductor elements 20A and 20B.

As a result, according to the second modification of the
fourth embodiment, it is possible to provide the semiconduc-
tor device 500B in which the fatigue fractures between the
semiconductor elements 20A, 20B and the electrode 10 are
suppressed.

It should be noted that the description has been made so far
on the mode in which the semiconductor device 500B
includes the two semiconductor elements 20A, 20B and in
which the projected section 549 and the stress relaxing sec-
tion 562 are disposed between the encapsulating resin 550
and the electrode 540 in the region between the semiconduc-
tor element 20A and the semiconductor element 20B.

However, the semiconductor device 500B may include the
three or more semiconductor elements. In such a case, the
stress on the encapsulating resin 550 may be relaxed by
positioning the projected section 549 and the stress relaxing
section 562 in a region between each two of the semiconduc-
tor elements. Accordingly, it is possible to suppress the peel-
ing of the encapsulating resin 550 from the electrode 10
between the semiconductor elements.

<Fifth Embodiment>

FIG. 15A is a cross-sectional view of the semiconductor
device according to a fifth embodiment. FIG. 15B is a view
for showing a peeling layer of the semiconductor device in the
fifth embodiment. As illustrated, the XYZ coordinate system
is defined in FIG. 15A and FIG. 15B.

The cross-sectional view shown in FIG. 15A is a view for
showing a cross section that can be obtained when a semi-
conductor device 600 of the fifth embodiment is cut in a
thickness direction by a plane along a center axis in a longi-
tudinal direction (X-axis direction) thereof. FIG. 15B is a
view for showing a reversed electrode 640 of the semicon-
ductor device 600 that is shown in FIG. 15A.

As shown in FIG. 15A, the semiconductor device 600 of
the fifth embodiment includes the electrode 10, the semicon-
ductor elements 20A, 20B, the spacers 30A, 30B, the elec-
trode 640, an encapsulating resin 650, and a peeling film 660.

The semiconductor device 600 of the fifth embodiment is
provided with the peeling film 660 instead of the stress relax-
ing section 560 of the semiconductor device 500 in the fourth
embodiment. It should be noted that a lower surface of the
electrode 640 is flat in the fifth embodiment. Because the
other structure is same as the structure of the semiconductor
device 500 in the fourth embodiment, the same or similar
components are denoted by the same reference numerals, and
the description thereof is not repeated.

The electrode 640 is a plate-shaped electrode and has an
upper surface 641 and a lower surface 642. The lower surface
642 of the electrode 640 is bonded to the spacers 30A, 30B.

As shown in FIG. 15B, the peeling film 660 is formed at the
center of the lower surface 642 of the electrode 640. The
peeling film 660 is located between the spacer 30A and the
spacer 30B in the X-axis direction and has the same length as
the spacers 30A, 30B in the Y-axis direction.

In addition to a resin film that is made from the rubber-
based resin, the silicon resin, the urethane resin, a polyethyl-
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ene resin, a polypropylene resin Teflon® resin, or the like, for
example, the peeling film 660 may be a metal film made from
gold, nickel, copper, or the like, for example. Furthermore, as
the peeling film 660, adhesive non-curing grease, an oil-based
paste, a high viscous liquid may be applied to or formed at the
center of the lower surface 642 of the electrode 640.

It should be noted that the resin film can be applied to the
lower surface 642 of the electrode 640 and that the metal film
is formed on the lower surface 642 of the electrode 640 by a
sputtering method or the like. In addition, a film made from
polyamide, polyimide, or the like does not have to be coated
on a portion where the peeling film 660 is formed.

When a certain magnitude of the stress is generated
between the encapsulating resin 650 and the electrode 640 in
a region between the spacer 30A and the spacer 30B, the
peeling film 660 peels the encapsulating resin 650 from the
electrode 640. The peeling film 660 is an example of a peeling
induction film.

Thermal stress is generated between the electrode 10 and
the semiconductor elements 20A, 20B due to a difference in
a linear expansion coefficient therebetween; however, the
thermal stress is not generated between the spacers 30A, 30B
and the electrode 640 because they are both configured of
copper or the copper alloy.

Accordingly, even when the encapsulating resin 650 is
peeled from the electrode 640 in the region between the
spacer 30A and the spacer 30B, a problem does not occur in
the semiconductor device 600.

Thus, when the certain magnitude of the stress is generated
between the encapsulating resin 650 and the electrode 640,
the peeling film 660 peels the encapsulating resin 650 from
the electrode 640; therefore, it is possible to relax the stress
that is generated between the electrode 10 and the encapsu-
lating resin 650 in the region between the semiconductor
element 20A and the semiconductor element 20B.

As it has been described so far, according to the fifth
embodiment, due to the formation of the peeling film 660 at
the center of the lower surface 642 of the electrode 640, when
the certain degree of the stress is generated between the
electrode 640 and the encapsulating resin 650 in the region
between the spacer 30A and the spacer 30B, the peeling film
660 peels the encapsulating resin 650 from the electrode 640.

Accordingly, the stress that is generated by the contraction
of the encapsulating resin 650 in the region between the
semiconductor element 20A and the semiconductor element
20B is relaxed to the greater extent than the stress that is
generated by the contraction of the encapsulating resin 650 in
a region other than that between the semiconductor element
20A and the semiconductor element 20B.

As a result, it is possible to suppress the peeling of the
encapsulating resin 650 from the electrode 10 between the
semiconductor element 20A and the semiconductor element
20B.

It should be noted that, because a portion of the lower
surface 642 in the electrode 640 that is not formed with the
peeling film 660 is adhered to the encapsulating resin 650, the
semiconductor elements 20A, 20B, and the spacers 30A, 30B
are sealed by the encapsulating resin 650.

As it has been described so far, according to the fifth
embodiment, it is possible to maintain the favorable connec-
tion state between the electrode 10 and the semiconductor
elements 20A and 20B.

As aresult, according to the fifth embodiment, it is possible
to provide the semiconductor device 600 in which the fatigue
fractures between the semiconductor elements 20A, 20B and
the electrode 10 are suppressed.
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It should be noted that the description has been made so far
on the mode in which the semiconductor device 600 includes
the two semiconductor elements 20A, 20B and in which the
peeling film 660 is disposed between the encapsulating resin
650 and the electrode 640 in the region between the semicon-
ductor element 20A and the semiconductor element 20B.

However, the semiconductor device 600 may include the
three or more semiconductor elements. In such a case, the
stress on the encapsulating resin 650 may be relaxed by
positioning the peeling film 660 in a region between two each
of the semiconductor elements. Accordingly, it is possible to
suppress the peeling of the encapsulating resin 650 from the
electrode 10 between the semiconductor elements.

<Sixth Embodiment>

The semiconductor device according to a sixth embodi-
ment differs from the semiconductor devices 100 to 600 in the
first to the fifth embodiments in terms of the structure of the
spacer.

FIG. 16A is a cross-sectional view for showing the semi-
conductor device according to the sixth embodiment. FIG.
16B is a perspective view for showing the spacer of the
semiconductor device in the sixth embodiment. As illus-
trated, the XYZ coordinate system is defined in FIG. 16 A and
FIG. 16B.

The cross-sectional view shown in FIG. 16A is a view for
showing a cross section that can be obtained when a semi-
conductor device 700 of the sixth embodiment is cut in a
thickness direction by a plane along a center axis in a longi-
tudinal direction (X-axis direction) thereof.

The semiconductor device 700 of the sixth embodiment
includes the electrode 10, the semiconductor elements 20A,
20B, spacers 730A, 730B, the electrode 40, an encapsulating
resin 750, and a stress relaxing section 760.

In the semiconductor device 700 of the sixth embodiment,
structures of the spacers 730A, 730B, the encapsulating resin
750, and the stress relaxing section 760 differ from those in
the semiconductor device 100 of the first embodiment.
Because the other components are the same as those in the
semiconductor device 100 of the first embodiment, the same
or similar components are denoted by the same reference
numerals, and the description thereof is not repeated.

As shown in FIG. 16 A and F1G. 16B, the spacer 730A and
the spacer 730B are separated. The spacer 730A has a base
section 731A and a projected section 732A. The spacer 730B
has a base section 731B and a projected section 732B.

The base section 731A of the spacer 730A is the same as
the first section 130A of the spacer 130 (see FIG. 5) in the
semiconductor device 100 of the first embodiment. The pro-
jected section 732A is projected to a positive direction of the
X-axis from an upper side of the base section 731A. The
spacer, 730A in the sixth embodiment has a shape in which
the projected section 732A is bonded to the first section 130A
in the first embodiment.

The base section 731A is an example of the first section,
and the projected section 732A is an example of a first pro-
jected section.

Thebase section 731B of'the spacer 730B is the same as the
second section 130B of the spacer 130 (see FIG. 5) in the
semiconductor device 100 of the first embodiment. The pro-
jected section 732B is projected in a negative direction of the
X-axis from an upper side of the base section 731B. The
spacer 730B in the sixth embodiment has a shape in which the
projected section 732B is bonded to the second section 130B
in the first embodiment.

The base section 731B is an example of the second section,
and the projected section 732B is an example of a second
projected section.
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It should be noted that dimensions in the X-axis direction
of'the base sections 731 A, 731B of the spacers 730A, 730B in
the sixth embodiment are respectively longer than dimen-
sions in the X-axis direction of the first section 130A, the
second section 130B of the spacer 130 in the first embodi-
ment. This will be described later in detail with reference to
FIG. 22.

The base section 731A of the spacer 730A is connected to
the emitter in the upper surface of the semiconductor element
20A while the base section 731B of the spacer 730B is con-
nected to the anode in the upper surface of the semiconductor
element 20B.

There is a distance between a tip of the projected section
732A in the spacer 730A and a tip of the projected section
732B in the spacer 730B, and the stress relaxing section 760
is disposed between the tip of the projected section 732A and
the tip of the projected section 732B.

The stress relaxing section 760 can be made of any material
as long as it has substantially lower elasticity than the elec-
trode 40 or the spacers 730A, 730B, and can be formed of the
stress relaxation material such as the silicon resin, the ure-
thane resin, the polyamide resin, the polyimide resin, the
rubber-based resin, or the like, for example. It should be noted
that the stress relaxing section 760 may be formed of a mate-
rial that has lower elasticity than the encapsulating resin 750.

The stress relaxing section 760 is formed such that, for
example, the spacers 730A, 730B are respectively bonded to
the upper surfaces of the semiconductor elements 20A, 208
and that the stress relaxation material is further applied
between the projected section 732 A and the projected section
732B in a state that the electrode 40 is bonded to upper
surfaces of the spacers 730A, 730B.

It should be noted that, if a space between the tip of the
projected section 732A and the tip of the projected section
732B is narrow enough to realize the capillary phenomenon,
the capillary phenomenon is used to form the stress relaxing
section 760 between the projected section 732A and the pro-
jected section 732B.

The electrode 40 is bonded to the upper surfaces of the
spacers 730 A, 730B. It should be noted that the stress relaxing
section 760 may be formed before the electrode 40 is bonded
onto the spacers 730A, 730B.

The encapsulating resin 750 seals the electrode 10, the
semiconductor elements 20A, 20B, the spacers 730A, 730B,
the electrode 40, and the stress relaxing section 760. The
encapsulating resin 750 can be formed in a same manner as
the encapsulating resin 150 in the first embodiment.

Next, a description will be made on a method of manufac-
turing the semiconductor device 700 in the sixth embodiment.

FIG. 17 to FIG. 21 show a manufacturing process of the
semiconductor device 700 in the sixth embodiment.

First, the electrode 10, the solder foils 71A, 71B, the semi-
conductor elements 20A, 20B, the solder foils 72A, 72B, the
spacers 730A, 730B, the solder foils 73A, 73B, and the con-
trol terminals 62A to 62D are aligned. A well-known jig can
be used for alignment. It should be noted that the bus bar 11 is
connected to the electrode 10.

The solder foils 71A, 71B, 72A, 72B, 73A, 73B are the
solder sheets that are formed by rolling a material that con-
tains AnAg solder containing tin and silver, SnCu solder
containing tin and copper, or the like, for example.

The solder foil 71A is disposed between the electrode 10
and the semiconductor element 20A. The solder foil 71B is
disposed between the electrode 10 and the semiconductor
element 20B. The solder foil 72A is disposed between the
semiconductor element 20A and the base section 731A of a
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spacer 730A. The solder foil 72B is disposed between the
semiconductor element 20B and the base section 731B of the
spacer 730B.

The solder foil 73 A is disposed on the base section 731 A of
the spacer 730A. The solder foil 73B is disposed on the base
section 731B of the spacer 730B.

It should be noted that surfaces of the electrodes 10, 40 and
the spacers 730A, 730B may be applied with nickel plating or
the like. In addition, portions of the surfaces of the electrodes
10, 40 and the spacers 730A, 730B that contact the solder foils
71A, 71B, 72A, 72B, 73A, 73B may be applied with gold
plating to improve the wettability.

The solder foils 71A, 71B, 72A, 72B, 73 A, 73B are melted
in the state of alignment as shown in FIG. 17 to connect the
electrode 10, the semiconductor elements 20A, 20B, and the
spacers 730A, 730B.

Next, as shown in FIG. 18, the terminals 21 A to 21D ofthe
semiconductor element 20A and the control terminals 62A to
62D are respectively connected by the bonding wires 61A to
61D. It should be noted that the solder foils 73A, 73B are not
shown in FIG. 18 because the solder foils 73A, 73B are
melted in the process shown in FIG. 17 and adhered to the
upper surfaces of the spacers 730A, 730B.

In addition, because the solder foils 71A, 71B, 72A, 72B
are respectively adhered between the electrode 10 and the
semiconductor elements 20A, 20B and between the semicon-
ductor elements 20A, 20B and the spacers 730A, 730B, they
are not shown in FIG. 18.

Next, as shown in FIG. 19, the electrode 40 is aligned, the
solder adhered to the upper surfaces of the spacers 730A,
730B (the solder adhered by melting of the solder foils 73A,
73B) is melted, and the electrode 40 is bonded to the upper
surfaces of the spacers 730A, 730B. The bus bar 41 is con-
nected to the electrode 40.

Accordingly, the electrode 10, the semiconductor elements
20A, 20B, the spacers 730A, 730B, and the electrode 40 are
bonded to complete a state shown in FIG. 20.

Next, the stress relaxing section 760 is formed in a gap
between the projected section 732A of the spacer 730A and
the projected section 732B of the spacer 730B. As described
above, the stress relaxing section 760 can be formed of any
material as long as ithas the substantially lower elasticity than
the electrode 40 or the spacers 730A, 730B and can be formed
of the stress relaxation material such as the silicon resin, the
urethane resin, the polyamide resin, the polyimide resin, the
rubber-based resin, or the like, for example.

The stress relaxing section 760 is formed by applying the
stress relaxation material between the projected section 732A
and the projected section 732B, for example.

It should be noted that, if the space between the tip of the
projected section 732A and the tip of the projected section
732B is narrow enough to realize the capillary phenomenon,
the capillary phenomenon may be used to form the stress
relaxing section 760 between the projected section 732A and
the projected section 732B.

The electrode 10, the semiconductor elements 20A, 20B,
the spacers 730A, 730B, the electrode 40, and the stress
relaxing section 760 that are bonded as shown in FIG. 20 are
impregnated with the solution in which polyamide, polyim-
ide, or the like is dissolved in the organic solvent so as to coat
the surfaces thereof with the film of polyamide, polyimide, or
the like before being sealed by the encapsulating resin 150.
This is performed to facilitate the adherence of the encapsu-
lating resin 750 to the surfaces of the electrode 10, the semi-
conductor elements 20A, 20B, the spacers 730A, 730B, and
the electrode 40.
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In the last, the electrode 10, the semiconductor elements
20A, 20B, the spacers 730A, 730B, the electrode 40, the
stress relaxing section 760, the bus bars 11, 41, and the control
terminals 62A to 62D are sealed by the encapsulating resin
750. Sealing by the encapsulating resin 750 is achieved by
performing the thermal curing treatment of the encapsulating
resin 750.

In the thermal curing treatment, the semiconductor ele-
ments 20A, 20B, the spacers 730A, 730B, the electrode 40,
the stress relaxing section 760, the bus bars 11, 41, and the
control terminals 62A to 62D shown in FIG. 20 are placed in
the heated mold, the thermosetting resin is poured into the
mold while being heated, and the thermosetting resin in the
mold is applied with the supplementary pressure while heated
to accelerate the cured reaction of the thermosetting resin.

The thermosetting resin is heated at the temperature of
approximately 80° C. to 200° C., for example, and is then
cooled to obtain the encapsulating resin 750 shown in FIG.
21. The encapsulating resin 750 seals the side surfaces of the
electrode 10, the semiconductor elements 20 A, 20B, the spac-
ers 730A, 730B, the electrode 40, and the side surfaces of the
stress relaxing section 760. In addition, portions on the outer
side of the lower surface ofthe electrode 10, the upper surface
of the electrode 40, the bus bars 11, 41, and the control
terminals 62A to 62D are exposed from the encapsulating
resin 750.

As shown in FIG. 16A, in the semiconductor device 700 of
the sixth embodiment as described above, a depth D7 of the
encapsulating resin 750 is reduced in the region between the
semiconductor element 20A and the semiconductor element
20B like the semiconductor device 100 in the first embodi-
ment (see FIG. 5) due to the projected sections 732 A, 732B of
the spacers 730A, 730B and the stress relaxing section 760.

Accordingly, the contraction amount of the encapsulating
resin 750 in the region between the semiconductor element
20A and the semiconductor element 20B is reduced, and the
stress that is applied to the encapsulating resin 750 is thus
reduced.

In other words, the stress that is generated by the contrac-
tion of the encapsulating resin 750 in the region between the
semiconductor element 20A and the semiconductor element
20B is relaxed to the greater extent than the stress that is
generated by the contraction of the encapsulating resin 750 in
a region other than that between the semiconductor element
20A and the semiconductor element 20B.

In addition, the stress relaxing section 760 is formed
between the projected section 732 A and the projected section
732B. Accordingly, even when the stress is applied to the
encapsulating resin 750, in the region between the spacer
730A and the spacer 730B, the stress relaxing section 760
relaxes the stress.

Therefore, it is possible to suppress the peeling of the
encapsulating resin 750 from the electrode 10 in the region
between the semiconductor element 20A and the semicon-
ductor element 20B. In addition, it is possible to maintain the
favorable connection states between the electrode 10 and the
semiconductor elements 20A, 20B because the peeling of the
encapsulating resin 750 is suppressed.

As a result, according to the sixth embodiment, it is pos-
sible to provide the semiconductor device 700 in which the
fatigue fractures between the semiconductor elements 20A,
20B and the electrode 10 can be suppressed by suppressing
the peeling of the encapsulating resin 750.

In addition, according to the sixth embodiment, it is pos-
sible to provide the semiconductor device 700 in which the
peeling of the encapsulating resin 750 can be suppressed not
only in the stage of the thermal curing of the encapsulating
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resin 750 but also in the stage of the repetitive use of the
semiconductor device 700 where heating and cooling thereof
is repeated by the heat generation of the semiconductor ele-
ment 20A and the semiconductor element 20B.

Furthermore, according to the semiconductor device 700
of the sixth embodiment, the spacers 730A, 730B are larger
than the spacers 30A, 30B of the semiconductor device 1 in
the comparative example by the projected sections 732A,
732B. Therefore, the thermal capacities of the spacers 730A,
730B are increased, the heat produced by the semiconductor
elements 20A, 20B is transiently absorbed, and thus the cool-
ing performance of the semiconductor elements 20A, 20B
can be improved.

Inparticular, in a case where the semiconductor device 700
is installed in the hybrid vehicle, the inverter 99 is exposed to
the high temperature every time the electric motor 91 is driven
or regenerated. In such a circumstance, it is extremely ben-
eficial to use the semiconductor device 700 of the sixth
embodiment whose cooling performance has been improved.

In the semiconductor device 700 of the sixth embodiment,
because the spacers 730A, 730B respectively have the pro-
jected sections 732A, 732B, the connection path between the
semiconductor element 20A and the semiconductor element
20B is shorter than that in the semiconductor device 1 of the
comparative example.

Accordingly, the resistance value of the resistance compo-
nent and the parasitic inductance between the semiconductor
element 20A and the semiconductor element 20B are
reduced, and thus the heating value and the surge voltage that
is generated along with the switching operation are reduced.

Itshould be noted that thicknesses of the projected sections
732A, 732B in the spacers 730A, 730B may be set according
to a thickness that is required for the stress relaxing section
760, atype of the stress relaxation material used for the stress
relaxing section 760, the distance between the semiconductor
element 20A and the semiconductor element 20B, a type of
the thermosetting resin that forms the encapsulating resin
750, or the like.

As it has been described so far, according to the sixth
embodiment, it is possible to provide the semiconductor
device 700 in which the fatigue fractures between the semi-
conductor elements 20A, 20B and the electrode 10 are sup-
pressed by suppressing the peeling of the encapsulating resin
750.

Here, a description will be made on tolerances of external
dimensions of the spacers 730A, 730B in the semiconductor
device 700 of the sixth embodiment and on a tolerance of an
external dimension of the spacer 130 in the semiconductor
device 100 of the first embodiment.

FIG. 22 is a view for illustrating the tolerance of the exter-
nal dimension of the spacer 130 in the semiconductor device
100 of the first embodiment.

FIG. 22(A) is the same as FIG. 5 and shows the cross
section that can be obtained when the semiconductor device
100 of the first embodiment is cut in a thickness direction
along a center axis that is parallel to a longitudinal direction
thereof. FIG. 22(B) is a view for showing positional relation-
ships among the electrode 10, the semiconductor elements
20A, 20B, the spacer 130, the electrode 40, and the encapsu-
lating resin 150 in the plan view. It should be noted that the
electrode 10 and the electrode 40 have the same dimensions
and that the positions thereof match each other in the plan
view.

In addition, for convenience of the description, the semi-
conductor elements 20A, 20B are in the same size.

Here, the tolerance of the external dimension of the spacer
130 is only considered, and tolerances of the other compo-
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nents are not considered. As shown in FIG. 22(B), in the
semiconductor device 100, the first section 130A and the
second section 130B of the spacer 130 have to be smaller than
the semiconductor elements 20A, 20B and located on the
inner side thereof.

A length of the semiconductor element 20A in the X-axis
direction is set as L, a length of the first section 130A in the
X-axis direction is set as A, the tolerance of the first section
130A in the X-axis direction is set as a, a length of the
connecting section 130C in the X-axis direction is set as C,
and the tolerance of the connecting section 130C in the X-axis
direction is set as b.

In other words, the length of the first section 130A in the
X-axis direction can be represented as [+a in consideration of
the tolerance a. In addition, the length of the connecting
section 130C in the X-axis direction can be represented as
Czb in consideration of the tolerance b.

Here, if consideration is made on the semiconductor ele-
ment 20A and the first section 130A without considering the
connecting section 130C, a relationship of an equation (1) is
established between the semiconductor element 20A and the
first section 130A.

L>4+a o)

Accordingly, the length A of the first section 130A in the
spacer 130 can be represented by an equation (2).

A<L-a )

In addition, in a case where the length of the connecting
section 130C is fluctuated by =b, the dimension of the first
section 130A has to be within that of the semiconductor
element 20A on the left side of the semiconductor element
20A when the tolerance is +b, and the dimension of the first
section 130A has to be within that of the semiconductor
element 20A on the right side of the semiconductor element
20A when the tolerance is —b.

Thus, if the tolerance b of the connecting section 130C is
taken into consideration for the equation (2), an equation (3)
is satisfied for the first section 130A and the connecting
section 130C.

A<L-a-2b 3)

It should be noted that, because the spacer 130 is symmetri-
cal about the connecting section 130C laterally and the
dimensions of the first section 130A and the second section
130B are the same, the equation (3) is also satisfied for the
second section 130B and the connecting section 130C.

As described above, when the spacer 130 has the connect-
ing section 130C, the dimensions in the X-axis direction of
the first section 130A and the second section 130B have to
satisfy the equation (3).

As shown in FIG. 22(A), in the semiconductor device 100
of'the first embodiment, the length A in the X-axis direction of
each of the first section 130A and the second section 130B in
the spacer 130 has to satisfy the equation (3).

On the other hand, in the semiconductor device 700 of the
sixth embodiment, because the spacer 730A and the spacer
730B are separated from each other, there is no need to
consider the tolerance b of the length C in the X-axis direc-
tion of the connecting section 130C in the spacer 130 of the
first embodiment.

In addition, the lengths in the X-axis direction of the base
sections 731A, 731B in the spacers 730A, 730B are the same
asthe length A in the X-axis direction of the first section 130A
in the spacer 130 of the first embodiment.

Accordingly, if the length in the X-axis direction of each of
the base sections 731A, 731B in the spacers 730A, 730B of
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the sixth embodiment is set as A7, the length A7 has to satisfy
an equation (4) that can be obtained by deleting the tolerance
b from the equation (3).

A7<L-a )

Here, lengths in the Y-axis direction of the first section
130A and the second section 130B in the spacer 130 of the
first embodiment are set to be the same as lengths in the Y-axis
direction of the base sections 731A, 731B in the spacers
730A, 730B of the sixth embodiment.

In such a condition, the areas of the base sections 731A,
731B in the spacers 730A, 730B of the sixth embodiment that
respectively contact the semiconductor elements 20A, 20B
are (L-a)/(L—a-2b) times the areas of the first section 130A
and the second section 130B in the spacer 130 of the first
embodiment that respectively contact the semiconductor ele-
ments 20A, 20B.

In other words, the cooling efficiency of each of the spacers
730A, 730B in the semiconductor device 700 of the sixth
embodiment can be improved by (L-a)/(I.—a-2b) times the
cooling efficiency of the spacer 130 in the semiconductor
device. 100 of the first embodiment.

As it has been described so far, according to the sixth
embodiment, because the peeling of the encapsulating resin
750 is suppressed, it is possible to suppress the fatigue frac-
tures between the semiconductor elements 20A, 20B and the
electrode 10 and also possible to provide the semiconductor
device 700 in which the cooling efficiency of each of the
semiconductor elements 20A, 20B is improved.

It should be noted that the description has been made so far
on the mode in which the semiconductor device 700 includes
the two semiconductor elements 20A, 20B and in which the
projected sections 732A, 732B of the spacers 730A, 730B are
disposed in the region between the semiconductor element
20A and the semiconductor element 20B.

However, the semiconductor device 700 may include the
three or more semiconductor elements. In such a case, the
stress on the encapsulating resin 750 may be relaxed by
positioning the projected section of the spacer in a region
between two each of the semiconductor elements. Accord-
ingly, it is possible to suppress the peeling of the encapsulat-
ing resin 750 from the electrode 10 between the semiconduc-
tor elements.

It should be noted that the description has been made so far
onthe mode in which the stress relaxing section 760 is formed
between the projected section 732A of the spacer 730A and
the projected section 732B of the spacer 730B; however, the
stress relaxing section 760 may not be formed.

Even without the stress relaxing section 760, the thickness
of the encapsulating resin 750 in the region between the
semiconductor element 20A and the semiconductor element
20B is reduced by the projected section 732A of the spacer
730A and the projected section 732B of the spacer 730B, and
thus the stress applied to the encapsulating resin 750 is
relaxed in the region between the semiconductor element 20A
and the semiconductor element 20B.

Accordingly, when the stress on the encapsulating resin
750 can substantially be relaxed by the projected section
732A of the spacer 730A and the projected section 732B of
the spacer 730B, there is no need to provide the stress relaxing
section 760.

In addition, a distance between the projected section 732A
of the spacer 730A and the projected section 732B of the
spacer 730B can be set to any distance, and the tip of the
projected section 732A may contact the tip of the projected
section 732B.
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<Seventh Embodiment>

The semiconductor device according to a seventh embodi-
ment differs from the semiconductor device 700 of the sixth
embodiment in terms of the structure of the spacer.

FIG. 23A is a cross-sectional view for showing the semi-
conductor device according to the seventh embodiment. FIG.
23B is a perspective view for showing the spacer of the
semiconductor device in the seventh embodiment. As illus-
trated, the XYZ coordinate system is defined in FIG. 23 A and
FIG. 23B.

The cross-sectional view shown in FIG. 23A is a view for
showing a cross section that can be obtained when a semi-
conductor device 800 of the seventh embodiment is cut in the
thickness direction by a plane along a center axis in a longi-
tudinal direction (X-axis direction) thereof.

The semiconductor device 800 of the seventh embodiment
includes the electrode 10, the semiconductor elements 20A,
20B, spacers 830A, 830B, the electrode 40, an encapsulating
resin 850, and a stress relaxing section 860.

The semiconductor device 800 of the seventh embodiment
differs from the semiconductor device 700 of the sixth
embodiment in terms of structures of the spacers 830 A, 8308,
the encapsulating resin 850, and the stress relaxing section
860. Because the other components are same as those of the
semiconductor device 700 in the sixth embodiment, the same
or similar components are denoted by the same reference
numerals, and the description thereof is not repeated.

As shown in FIG. 23 A and FIG. 23B, the spacer 830A and
the spacer 830B are separated from each other. The spacer
830A has a base section 831A and a projected section 832A.
The spacer 830B has a base section 831B and a projected
section 832B.

The base section 831A of the spacer 830A is the same as
the base section 731A of the spacer 730A (see FIG. 16A and
FIG. 16B) in the semiconductor device 700 of the sixth
embodiment. The projected section 832A is projected from
the upper side of the base section 831A in the positive direc-
tion of the X-axis. In addition, the projected section 832A is
formed with a recessed section 833A. The recessed section
833A is formed at the center of a tip of the projected section
832A in the Y-axis direction. In other words, both sides of the
recessed section 833 A in the Y-axis direction are formed with
wall sections 834A, 835A.

Furthermore, a portion of the projected section 832A that is
thinned by the recessed section 833A constitutes a thin sec-
tion 836A.

The base section 831B ofthe spacer 830B is the same as the
base section 731B of the spacer 730B (see FIG. 16A and FIG.
16B) in the semiconductor device 700 of the sixth embodi-
ment. The projected section 832B is projected from the upper
side of the base section 831B in the negative direction of the
X-axis. Inaddition, the projected section 832B is formed with
arecessed section 833B. The recessed section 833B is formed
atthe center of atip of the projected section 832B in the Y-axis
direction. In other words, both sides of the recessed section
833B in the Y-axis direction are formed with wall sections
834B, 835B.

Furthermore, a portion of the projected section 832B that is
thinned by the recessed section 833B constitutes a thin sec-
tion 836B.

Here, the recessed section 833 A is an example of a first
recessed section that is formed on a surface of the tip of the
projected section 832A, which is an example of the first
projected section, on the side of the electrode 40, which is an
example of the second metal plate. The recessed section 833B
is an example of a second recessed section that is formed on
a surface of'the tip of the projected section 832B, which is an
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example of the second projected section, on a the side of the
electrode 40, which is an example of the second metal plate.

The base section 831A of the spacer 830A is connected to
the emitter in the upper surface of the semiconductor element
20A, and the base section 831B of the spacer 830B is con-
nected to the anode in the upper surface of the semiconductor
element 20B.

There is a distance between the tip of the projected section
832A in the spacer 830A and the tip of the projected section
832B in the spacer 830B, and the stress relaxing section 860
is disposed between the tip of the projected section 832A and
the tip of the projected section 832B.

The stress relaxing section 860 can be formed of any mate-
rial as long as it has substantially lower elasticity than the
electrode 40 or the spacers 830A, 830B, and can be formed of
the stress relaxation material such as the silicon resin, the
urethane resin, the polyamide resin, the polyimide resin, the
rubber-based resin, or the like, for example. It should be noted
that the stress relaxing section 860 may be formed of a mate-
rial whose elasticity is lower than the encapsulating resin 850.

The stress relaxing section 860 is formed such that, for
example, the spacers 830A, 830B are respectively bonded to
the upper surfaces of the semiconductor elements 20A, 208
and that the stress relaxation material is further applied
between the projected section 832 A and the projected section
832B in a state that the electrode 40 is bonded to upper
surfaces of the spacers 830A, 830B.

It should be noted that, when a space between the tip of the
projected section 832A and the tip of the projected section
832B is narrow enough to realize the capillary phenomenon,
the capillary phenomenon is used to form the stress relaxing
section 860 between the projected section 832A and the pro-
jected section 832B.

The electrode 40 is bonded to the upper surfaces of the
spacers 830 A, 830B. It should be noted that the stress relaxing
section 860 may be formed before the electrode 40 is bonded
onto the spacers 830A, 830B.

The stress relaxing section 860 is formed between the
projected section 832A and the projected section 832B.
Accordingly, as shown as a void space in FIG. 23B, the
encapsulating resin 850 does not flow into a portion sur-
rounded by the recessed sections 833A, 833B, the stress
relaxing section 860, and the electrode 40, and thus the por-
tion becomes hollow.

The encapsulating resin 850 seals the electrode 10, the
semiconductor elements 20A, 20B, the spacers 830A, 830B,
the electrode 40, and the stress relaxing section 860. The
encapsulating resin 850 can be formed in a same manner as
the encapsulating resin 150 in the first embodiment.

As shown in FIG. 23 A, in the semiconductor device 800 of
the seventh embodiment as described above, a thickness D8
of the encapsulating resin 850 is reduced in the region
between the semiconductor element 20A and the semicon-
ductor element 20B like the semiconductor device 100 of the
first embodiment (see FIG. 5) due to the projected sections
832A, 832B ofthe spacers 830A, 830B and the stress relaxing
section 860.

Accordingly, the contraction amount of the encapsulating
resin 850 in the region between the semiconductor element
20A and the semiconductor element 20B is reduced, and the
stress that is applied to the encapsulating resin 850 is thus
reduced.

In addition, the stress relaxing section 860 is formed
between the projected section 832 A and the projected section
832B. Thus, even when the stress is applied to an encapsu-
lating resin 850 in a region between the spacer 830A and the
spacer 8308, the stress relaxing section 860 relaxes the stress.
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In other words, the stress that is generated by the contrac-
tion of the encapsulating resin 850 in the region between the
semiconductor element 20A and the semiconductor element
20B is relaxed to the greater extent than the stress that is
generated by the contraction of the encapsulating resin 850 in
a region other than that between the semiconductor element
20A and the semiconductor element 20B.

Furthermore, because the thin sections 836A, 8368 of the
projected sections 832 A, 832B are thin, they can be deflected
when the stress is applied thereto by the encapsulating resin
850.

Therefore, it is possible to suppress the peeling of the
encapsulating resin 850 from the electrode 10 in the region
between the semiconductor element 20A and the semicon-
ductor element 20B. In addition, because the peeling of the
encapsulating resin 850 is suppressed, it is possible to main-
tain the favorable connection states between the electrode 10
and the semiconductor elements 20A, 20B.

As a result, according to the seventh embodiment, it is
possible to provide the semiconductor device 800 in which
the fatigue fractures between the semiconductor elements
20A, 20B and the electrode 10 are suppressed by suppressing
the peeling of the encapsulating resin 850.

In addition, according to the seventh embodiment, it is
possible to provide the semiconductor device 800 in which
the peeling of the encapsulating resin 850 can be suppressed
notonly in the stage of the thermal curing of the encapsulating
resin 850 but also in the stage of the repetitive use of the
semiconductor device 800 where heating and cooling thereof
is repeated by the heat generation of the semiconductor ele-
ment 20A and the semiconductor element 20B.

Furthermore, according to the semiconductor device 800
of the seventh embodiment, the spacers 830A, 830B are
larger than the spacers 30A, 30B of the semiconductor device
1 in the comparative example by the projected sections 832A,
832B. Therefore, the thermal capacities of the spacers 830A,
830B are increased, the heat produced by the semiconductor
elements 20A, 20B is transiently absorbed, and thus the cool-
ing performance of the semiconductor elements 20A, 20B
can be improved.

In particular, in a case where the semiconductor device 800
is installed in the hybrid vehicle, the inverter 99 is exposed to
the high temperature every time the electric motor 91 is driven
or regenerated. In such a circumstance, it is extremely ben-
eficial to use the semiconductor device 800 of the seventh
embodiment whose cooling performance has been improved.

Moreover, in the semiconductor device 800 of the seventh
embodiment, because the spacers 830A, 830B respectively
have the projected sections 832A, 8328, the connection path
between the semiconductor element 20A and the semicon-
ductor element 20B is shorter than that in the semiconductor
device 1 of the comparative example.

Accordingly, the resistance value of the resistance compo-
nent and the parasitic inductance between the semiconductor
element 20A and the semiconductor element 20B are
reduced, and thus the heating value and the surge voltage that
is generated along with the switching operation are reduced.

It should be noted that thicknesses of the projected sections
832A, 832B in the spacers 830A, 830B may be set according
to a thickness that is required for the stress relaxing section
860, atype of'the stress relaxation material used for the stress
relaxing section 860, the distance between the semiconductor
element 20A and the semiconductor element 20B, a type of
the thermosetting resin that forms the encapsulating resin
850, or the like.

As it has been described so far, according to the seventh
embodiment, it is possible to provide the semiconductor
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device 800 in which the fatigue fractures between the semi-
conductor elements 20A, 20B and the electrode 10 are sup-
pressed by suppressing the peeling of the encapsulating resin
850.

It should be noted that the description has been made so far
on the mode in which the semiconductor device 800 includes
the two semiconductor elements 20A, 20B and in which the
projected sections 832A, 832B respectively having the
recessed section 833A, the recessed section 833B are dis-
posed in the region between the semiconductor element 20A
and the semiconductor element 20B.

However, the semiconductor device 800 may include the
three or more semiconductor elements. In such a case, the
stress on the encapsulating resin 850 may be relaxed by
positioning the recessed section of the projected section of the
spacer in a region between two each of the semiconductor
elements. Accordingly, itis possible to suppress the peeling of
the encapsulating resin 850 from the electrode 10 between the
semiconductor elements.

<Eighth Embodiment>

The semiconductor device according to an eighth embodi-
ment differs from the semiconductor device 700 of the sixth
embodiment in terms of the structure of the spacer.

FIG. 24 A is a cross-sectional view for showing the semi-
conductor device according to the eighth embodiment. FIG.
24B is a perspective view for showing the spacer of the
semiconductor device in the eighth embodiment. As illus-
trated, the XYZ coordinate system is defined in FIG. 24A and
FIG. 24B.

The cross-sectional view shown in FIG. 24A is a view of a
cross section that can be obtained when a semiconductor
device 900 of the eighth embodiment is cut in a thickness
direction by a plane along a center axis in a longitudinal
direction (X-axis direction) thereof.

The semiconductor device 900 of the eighth embodiment
includes the electrode 10, the semiconductor elements 20A,
20B, spacers 930A, 930B, the electrode 40, and an encapsu-
lating resin 950. In FIG. 24B, the spacers 930A, 930B shown
in FIG. 24A are separately shown for ease of understanding.

The semiconductor device 900 of the eighth embodiment
differs from the semiconductor device 700 of the sixth
embodiment in terms of structures of the spacers 930A, 930B
and the encapsulating resin 950. Because the other compo-
nents are same as those of the semiconductor device 700 in
the sixth embodiment, the same or similar components are
denoted by the same reference numerals, and the description
thereof is not repeated.

As shown in FIG. 24 A and F1G. 24B, the spacer 930A and
the spacer 930B are separated from each other. The spacer
930A has a base section 931A and a projected section 932A.
The spacer 930B has a base section 931B and a projected
section 932B.

The base section 931A of the spacer 930A is the same as
the base section 731A of the spacer 730A (see FIG. 16A and
FIG. 16B) in the semiconductor device 700 of the sixth
embodiment. The projected section 932A is projected from
an intermediate portion of the base section 931A in a height
direction in the positive direction of the X-axis.

Thebase section 931B of'the spacer 9308 is the same as the
base section 731B of the spacer 730B (see FIG. 16 A and F1G.
16B) in the semiconductor device 700 of the sixth embodi-
ment. The projected section 932B is projected from the upper
side of the base section 931B in the negative direction of the
X-axis.

As shown in FIG. 24 A, a height of the projected section
932A in the spacer 930A and a height of the projected section
932B in the spacer 930B are set such that an upper surface of
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the projected section 932A abuts against a lower surface of
the projected section 932B in a state that the spacers 930A,
930B are bonded to the upper surfaces of the semiconductor
elements 20A, 20B.

In addition, as shown in FIG. 24A, a length in the X-axis
direction of the projected section 932A in the spacer 930A
and a length in the X-axis direction of the projected section
932B in the spacer 930B are set such that a tip of the projected
section 932 A overlaps with a tip of the projected section 932B
in the state that the spacers 930A, 930B are bonded to the
upper surfaces of the semiconductor elements 20A, 20B.

Here, portions ofatip of the projected section 932 A and the
tip of the projected section 932B that overlap with each other
in the plan view are an example of an overlapping section.

It should be noted that the projected sections 932A, 932B
respectively have same widths as the base sections 931A,
931B in the Y-axis direction.

Accordingly, the projected section 932A and the projected
section 932E overlap with each other in the state that the
spacers 930A, 930B are bonded to the upper surfaces of the
semiconductor elements 20A, 20B, and the upper surface of
the projected section 932 A abuts against the lower surface of
the projected section 932B.

The base section 931 A of the spacer 930A is connected to
the emitter in the upper surface of the semiconductor element
20A, and the base section 931B of the spacer 930B is con-
nected to the anode in the upper surface of the semiconductor
element 20B.

The electrode 40 is bonded to upper surfaces of the spacers
930A, 930B.

The encapsulating resin 950 seals the electrode 10, the
semiconductor elements 20A, 20B, the spacers 930A, 930B,
and the electrode 40. The encapsulating resin 950 can be
formed in the same manner as the encapsulating resin 150 of
the first embodiment.

As shown in FIG. 24A, the encapsulating resin 950 is
formed between the projected sections 932A and 932B and
the electrode 10 in the region between the semiconductor
element 20A and the semiconductor element 20B. In addi-
tion, the encapsulating resin 950 is also formed on the upper
side of the projected section 932A.

In the semiconductor device 900 of the eighth embodiment
as described above, as shown in FIG. 24A, a thickness D9 of
the encapsulating resin 950 is reduced in the region between
the semiconductor element 20A and the semiconductor ele-
ment 20B like the semiconductor device 100 of the first
embodiment (see FIG. 5) due to the projected sections 932A,
932B of the spacers 930A, 930B.

Accordingly, the contraction amount of the encapsulating
resin 950 in the region between the semiconductor element
20A and the semiconductor element 20B is reduced, and the
stress applied to the encapsulating resin 950 is thus reduced.

In other words, the stress that is generated by the contrac-
tion of the encapsulating resin 950 in the region between the
semiconductor element 20A and the semiconductor element
20B is relaxed to the greater extent than the stress that is
generated by the contraction of the encapsulating resin 950 in
a region other than that between the semiconductor element
20A and the semiconductor element 20B.

Therefore, it is possible to suppress the peeling of the
encapsulating resin 950 from the electrode 10 in the region
between the semiconductor element 20A and the semicon-
ductor element 20B. In addition, because the peeling of the
encapsulating resin 950 is suppressed, it is possible to main-
tain the favorable connection states between the electrode 10
and the semiconductor elements 20A, 20B.
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As a result, according to the eighth embodiment, it is pos-
sible to provide the semiconductor device 900 in which the
fatigue fractures between the semiconductor elements 20A,
20B and the electrode 10 are suppressed by suppressing the
peeling of the encapsulating resin 950.

In addition, according to the eighth embodiment, it is pos-
sible to provide the semiconductor device 900 in which the
peeling of the encapsulating resin 950 can be suppressed not
only in the stage of the thermal curing of the encapsulating
resin 950 but also in the stage of the repetitive use of the
semiconductor device 900 where heating and cooling thereof
is repeated by the heat generation of the semiconductor ele-
ment 20A and the semiconductor element 20B.

Furthermore, according to the semiconductor device 900
of the eighth embodiment, the spacers 930A, 930B are larger
than the spacers 30A, 30B of the semiconductor device 1 in
the comparative example by the projected sections 932A,
932B. Therefore, the thermal capacities of the spacers 930A,
930B are increased, the heat produced by the semiconductor
elements 20A, 20B is transiently absorbed, and thus the cool-
ing performance of the semiconductor elements 20A, 20B
can be improved.

Inparticular, in a case where the semiconductor device 900
is installed in the hybrid vehicle, the inverter 99 is exposed to
the high temperature every time the electric motor 91 is driven
or regenerated. In such a circumstance, it is extremely ben-
eficial to use the semiconductor device 900 of the eighth
embodiment whose cooling performance has been improved.

Moreover, in the semiconductor device 900 of the eighth
embodiment, because the spacers 930A, 930B respectively
have the projected sections 932 A, 932B, the connection path
between the semiconductor element 20A and the semicon-
ductor element 20B is shorter than that in the semiconductor
device 1 of the comparative example.

Accordingly, the resistance value of the resistance compo-
nent and the parasitic inductance between the semiconductor
element 20A and the semiconductor element 20B are
reduced, and thus the heating value and the surge voltage that
is generated along with the switching operation are reduced.

In the semiconductor device 900 of the eighth embodi-
ment, because the spacer 930A and the spacer 930B are
separated from each other, like the semiconductor device 700
of the sixth embodiment, there is no need to consider the
tolerance +b of the length C in the X-axis direction of the
connecting section 130C in the spacer 130 of the first embodi-
ment.

Itshould be noted that thicknesses of the projected sections
932A, 932B in the spacers 930A, 930B may be set according
to the distance between the semiconductor element 20A and
the semiconductor element 20B, a type of the thermosetting
resin that forms the encapsulating resin 950, or the like.

As it has been described so far, according to the eighth
embodiment, it is possible to provide the semiconductor
device 900 in which the fatigue fractures between the semi-
conductor elements 20A, 20B and the electrode 10 are sup-
pressed by suppressing the peeling of the encapsulating resin
950.

It should be noted that the description has been made so far
on the mode in which the semiconductor device 900 includes
the two semiconductor elements 20A, 20B and in which the
projected sections 932A, 932B of the spacers 930A,930B are
disposed in the region between the semiconductor element
20A and the semiconductor element 20B.

However, the semiconductor device 900 may include the
three or more semiconductor elements. In such a case, the
stress on the encapsulating resin 950 may be relaxed by
positioning the recessed section of the projected section of the
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spacer in a region between two each of the semiconductor
elements. Accordingly, it is possible to suppress the peeling of
the encapsulating resin 950 from the electrode 10 between the
semiconductor elements.

In addition, the stress relaxing section may be provided
between the projected section 932 A and the projected section
932B by the application of the stress relaxation material
between the projected section 932 A and the projected section
932B or the like.

The semiconductor devices according to the illustrative
embodiments of the present invention have been described so
far; however, the present invention is not limited to the
embodiments that have specifically been disclosed and is
susceptible to various modifications and changes without
departing from the scope of the claims.

DESCRIPTION OF THE REFERENCE
NUMERALS AND SYMBOLS

100: SEMICONDUCTOR DEVICE
10: ELECTRODE

20A, 20B: SEMICONDUCTOR ELEMENTS
130: SPACER

130A: FIRST SECTION

130B: SECOND SECTION

130C: CONNECTING SECTION

40: ELECTRODE

150: ENCAPSULATING RESIN

200: SEMICONDUCTOR DEVICE
230: SPACER

230A: FIRST SECTION

230B: SECOND SECTION

230C: CONNECTING SECTION
230D: RECESSED SECTION

330A, 330B: SPACER

400: SEMICONDUCTOR DEVICE
440: ELECTRODE

450: ENCAPSULATING RESIN

500: SEMICONDUCTOR DEVICE
540: ELECTRODE

550: ENCAPSULATING RESIN

560: STRESS RELAXING SECTION
540A: RECESSED SECTION

540B: THIN SECTION

500A: SEMICONDUCTOR DEVICE
543: ELECTRODE

561: STRESS RELAXING SECTION
543A: RECESSED SECTION

543B: THIN SECTION

500B: SEMICONDUCTOR DEVICE
546: ELECTRODE

549: PROJECTED SECTION

546A: RECESSED SECTION

562: STRESS RELAXING SECTION
600: SEMICONDUCTOR DEVICE
640: ELECTRODE

650: ENCAPSULATING RESIN

660: PEELING FILM

700: SEMICONDUCTOR DEVICE
730A, 730B: SPACER

750: ENCAPSULATING RESIN

760: STRESS RELAXING SECTION
731A, 731B: BASE SECTION

732A, 732B: PROJECTED SECTION
800: SEMICONDUCTOR DEVICE
830A, 830B: SPACER

850: ENCAPSULATING RESIN
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860: STRESS RELAXING SECTION

831A, 831B: BASE SECTION

832A, 832B: PROJECTED SECTION

833A, 833B: RECESSED SECTION

900: SEMICONDUCTOR DEVICE

930A, 930B: SPACER

931A, 931B: BASE SECTION

932A, 932B: PROJECTED SECTION

950: ENCAPSULATING RESIN

The invention claimed is:

1. A semiconductor device comprising:

a first metal plate;

plural semiconductor elements mounted on the first metal
plate;

a spacer connected to surfaces opposite from mounted
surfaces of the plural semiconductor elements on the
first metal plate;

a second metal plate connected to a surface opposite from
a connected surface of the spacer to the semiconductor
elements; and

an encapsulating resin configured to seal the plural semi-
conductor elements between the first metal plate and the
second metal plate,

wherein the encapsulating resin is configured of a thermo-
setting resin and is contracted after thermal curing by
heating and cooling,

wherein first stress generated by contraction of the encap-
sulating resin between the plural semiconductor ele-
ments is relaxed to a greater extent than second stress
generated by the contraction of the encapsulating resin
in a portion other than that between the plural semicon-
ductor elements,

wherein the spacer has:

a first section between the second metal plate and a first
semiconductor element of the plural semiconductor
elements;

a second section between the second metal plate and a
second semiconductor element of the plural semicon-
ductor elements; and

a connecting section for connecting between the first
section and the second section,

wherein the encapsulating resin has a first thickness
between the first metal plate and the connecting section
and between the plural semiconductor elements so as to
relax the first stress, the first thickness smaller than a
second thickness of the encapsulating resin between the
first metal plate and the second metal plate in a portion of
the encapsulating resin other than that between the plu-
ral semiconductor elements, and

wherein the spacer has a recessed section in the connecting
section on the second metal plate side.

2. The semiconductor device according to claim 1, wherein

the recessed section is filled with a metal whose rigidity is
lower than the spacer.

3. A semiconductor device comprising:

a first metal plate;

plural semiconductor elements mounted on the first metal
plate;

a spacer connected to surfaces opposite from mounted
surfaces of the plural semiconductor elements on the
first metal plate;

a second metal plate connected to a surface opposite from
a connected surface of the spacer to the semiconductor
elements; and

an encapsulating resin configured to seal the plural semi-
conductor elements between the first metal plate and the
second metal plate,
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wherein the encapsulating resin is configured of a thermo-
setting resin and is contracted after thermal curing by
heating and cooling,

wherein first stress generated by contraction of the encap-
sulating resin between the plural semiconductor ele-
ments is relaxed to a greater extent than second stress
generated by the contraction of the encapsulating resin
in a portion other than that between the plural semicon-
ductor elements,

wherein the spacer has a first section between the second
metal plate and a first semiconductor element of the
plural semiconductor elements and a second section
between the second metal plate and a second semicon-
ductor element of the plural semiconductor elements,

wherein the second metal plate is formed with a stress
relaxing section between the first section and the second
section in a plan view, the stress relaxing section con-
figured to relax stress on an interface between the second
metal plate and the encapsulating resin, and

wherein stress applied to the encapsulating resin is relaxed
by the stress relaxing section so that the first stress is
relaxed,

wherein the second metal plate has a recessed section that
is formed on the first metal plate side between the first
section and the second section in the plan view,

wherein the stress relaxing section is formed in the
recessed section, and

wherein the recessed section is formed of plural grooves or
plural holes.

4. A semiconductor device comprising:

a first metal plate;

plural semiconductor elements mounted on the first metal
plate:,

a spacer connected to surfaces opposite from mounted
surfaces of the plural semiconductor elements on the
first metal plate;

a second metal plate connected to a surface opposite from
a connected surface of the spacer to the semiconductor
elements; and

an encapsulating resin configured to seal the plural semi-
conductor elements between the first metal plate and the
second metal plate,

wherein the encapsulating resin is configured of a thermo-
setting resin and is contracted after thermal curing by
heating and cooling,

wherein first stress generated by contraction of the encap-
sulating resin between the plural semiconductor ele-
ments is relaxed to a greater extent than second stress
generated by the contraction of the encapsulating resin
in a portion other than that between the plural semicon-
ductor elements,

wherein the spacer has a first section between the second
metal plate and a first semiconductor element of the
plural semiconductor elements and a second section
between the second metal plate and a second semicon-
ductor element of the plural semiconductor elements,

wherein the second metal plate is formed with a stress
relaxing section between the first section and the second
section in a plan view, the stress relaxing section con-
figured to relax stress on an interface between the second
metal plate and the encapsulating resin, and

wherein stress applied to the encapsulating resin is relaxed
by the stress relaxing section so that the first stress is
relaxed,

wherein the second metal plate has a recessed section that
is formed on the first metal plate side between the first
section and the second section in the plan view,
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wherein the stress relaxing section is formed in the
recessed section, and

wherein the second metal plate has a projected that is
projected to the first metal plate side between the first
section and the second section in the view and the
recessed section is formed in the projecting setion.

5. A semiconductor device comprising:

a first metal plate;

plural semiconductor elements mounted on the first metal
plate;

a spacer connected to surfaces opposite from mounted
surfaces of the plural semiconductor elements on the
first metal plate;

a second metal plate connected to a surface opposite from
a connected surface of the spacer to the semiconductor
elements; and

an encapsulating resin configured to seal the plural semi-
conductor elements between the first metal plate and the
second metal plate,

wherein the encapsulating resin is configured of a thermo-
setting resin and is contracted after thermal curing by
heating and cooling,

wherein first stress generated by contraction of the encap-
sulating resin between the plural semiconductor ele-
ments is relaxed to a greater extent than second stress
generated by the contraction of the encapsulating resin
in a portion other than that between the plural semicon-
ductor elements,

wherein the spacer has a first section between the second
metal plate and a first semiconductor element of the
plural semiconductor elements and a second section
between the second metal plate and a second semicon-
ductor element of the plural semiconductor elements,
and

wherein a peeling induction film configured to promote
peeling of the encapsulating resin is formed on a surface
on the first metal plate side of the second metal plate
between the first section and the second section in a plan
view.

6. A semiconductor device comprising:

a first metal plate;

plural semiconductor elements mounted on the first metal
plate;

a spacer connected to surfaces opposite from mounted
surfaces of the plural semiconductor elements on the
first metal plate;

a second metal plate connected to a surface opposite from
a connected surface of the spacer to the semiconductor
elements; and

an encapsulating resin configured to seal the plural semi-
conductor elements between the first metal plate and the
second metal plate,

wherein the encapsulating resin is configured of a thermo-
setting resin and is contracted after thermal curing by
heating and cooling,

wherein first stress generated by contraction of the encap-
sulating resin between the plural semiconductor ele-
ments is relaxed to a greater extent than second stress
generated by the contraction of the encapsulating resin
in a portion other than that between the plural semicon-
ductor elements,

wherein the spacer has:

a first section between the second metal plate and a first
semiconductor element of the plural semiconductor
elements;
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a second section between the second metal plate and a
second semiconductor element of the plural semicon-
ductor elements;

a first projected section that is projected from the first
section to the second section side; and

a second projected section that is projected from the
second section to the first section side,

wherein a stress relaxing section configured to relax stress
between the first projected section and the encapsulating
resin and between the second projected section and the
encapsulating resin is formed between the first projected
section and the second projected section, and

wherein the spacer has a first recessed section that is
formed in a surface on the second metal plate side at a tip
of'the first projected section and a second recessed sec-
tion that is formed in a surface on the second metal plate
side at a tip of the second projected section.

#* #* #* #* #*
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